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FOREWORD 


Today's  rapidly  developing  and  changing  technologies  and  industrial 
products  and  practices  frequently  carry  with  them  the  increased  generation 
of  solid  and  hazardous  wastes.  These  materials,  if  improperly  dealt  with, 
can  threaten  both  public  health  and  the  environment.  Abandoned  waste  sites 
and  accidental  releases  of  toxic  and  hazardous  substances  to  the  environment 
also  have  important  environmental  and  public  health  implications.  The  Hazardous 
Waste  Engineering  Research  Laboratory  assists  in  providing  an  authoritative 
and  defensible  engineering  basis  for  assessing  and  solving  these  problems.  Its 
products  support  the  policies,  programs,  and  regulations  of  the  Environmental 
Protection  Agency,  the  permitting  and  otner  responsibilities  of  State  and  local 
governments  and  the  needs  of  both  large  and  small  businesses  in  handling  their 
wastes  responsibly  and  economically. 


The  subject  ••  ?  thi3  report  is  the  pretreatment  of  hazardous  waste  streams 
which  contain  vo.atile  constituents  for  the  purpose  of  removing  these  volatile 
constituents  prior  to  further  treatment,  storage,  and  disposal  at  a  hazardous 
waste  management  facility.  The  results  and  conclusions  of  this  report  can  be 
used  to  determine  the  technical  and  economic  feasibility  of  pretreatment  of 
various  hazardous  waste  streams  to  remove  volatile  compounds.  Those  who  would 
find  this  report  of  use  include  treatment,  storage,  and  disposal  facility  (TSDF) 
owne,-s/operators ,  hazardous  waste  regulatory  personnel,  and  engineers  concerned 
with  emissions  from  TSDFs  and  engineering  unit  operations  to  reduce  these 
emissions.  For  further  information,  contact  the  Alternative  Technologies 
Division,  Hazardous  Waste  Engineering  Research  Laooratory,  U.S.  Environmental 
Protection  Agency,  Cincinnati,  Ohio  45268. 


David  G.  Stephan 
Di rector 

Hazardous  Waste  Engineering  Research  Laeoratory 
Ci nci nnati 
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ABSTRACT 


There  are  many  hazardous  or  potentially  hazardous  waste  streams  that 
contain  volatile  compounds  that  can  be  emitted  to  the  atmosphere  during 
waste  storage,  treatment,  and  disposal.  One  way  to  minimize  or  eliminate 
thp$e  emissions  is  to  pretreat  wastes  to  remove  these  compounds. 

This  report  evaluates  twelve  commercially  available  treatment  techniques 
for  their  use  in  removing  volatile  constituents  from  hazardous  and  potentially 
hazardous  waste  streams.  A  case  Scudy  of  the  cost  of  waste  treatment  is  also 
provided  for  each  technique.  The  results  show  that  air  stripping  cr  evaporation 
coupled  witn  carbon  absorption  of  tne  of  tne  offgases;  steam  stripping;  and 
batch  distillation  are  the  most  widely  applicable  pretreatment  techniques.  The 
cost-effectiveness  of  pretreatment  varies  widely  with  waste  stream  characteri sti cs 
and  type  of  p-etreatment ,  with  typical  values  being  between  $ob  and  $1,800  per 
megagram  of  volatile  removed. 

This  report  was  submitted  in  partial  fulfillment  of  EPA  Contract  68-03-3149, 
Task  12-6  by  Research  Triangle  Institute  under  the  sponsorship  of  the  U.S. 

Envi romental  Protection  Agency.  This  report  covers  a  period  from  August  1983 
to  Ouly  1984,  and  work  was  completed  as  of  October  1984. 
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SECTION  1 


INTRODUCTION 

Research  Triangle  Institute  ( RTI )  has  undertaken  a  preliminary  assess¬ 
ment  for  the  Hazardous  Waste  Engineering  Research  Laboratory  of  the  U.S. 
Environmental  Protection  Agency  of  the  technical  and  economic  feasibility  of 
treatment  techniques  to  remove  volatile  compounds  from  hazardous  waste 
streams.  This  study  is  prompted  by  increasing  concern  over  air  emissions  from 
treatment,  storage  and  disposal  facilities  (TSDFs)  which  manage  hazardous 
wastes.  Operations  at  TSDFs  that  emit  volatile  compounds  include  such 
processes  as  aerated  impoundments,  surface  impoundments,  land  treatment 
facilities,  landfills,  storage  tanks,  drum  handling  operations  and  general 
process  operations.  Treating  wastes  to  remove  volatiles  before  the  wastes 
enter  these  processes  (i.e.,  waste  “pretreatment")  is  one  option  for  reducing 
volatile  emissions  from  these  processes. 

1.1  PURPOSE 

The  purpose  of  this  study  is  to  conduct  a  preliminary  assessment  of 
the  technical  and  economic  feasibility  of  various  pretreatment  techniques 
for  the  removal  of  volatile  constituents  from  hazardous  waste  streams.  As 
a  preliminary  assessment,  the  study  is  not  expected  to  be  an  end  in  itself. 

It  was  intended  tc  develop  a  methodology  for  evaluating  alternative  pretreat¬ 
ment  techniques  and  to  mak'  an  initial  identification  of  those  techniques 
that  are  applicable  to  a  wide  variety  of  waste  stream  types,  are  cost- 
effecoive,  and  are  commercially  available.  Because  this  is  a  preliminary 
assessment,  the  conclusions  drawn  are  general,  and  application  to  specific 
cases  should  be  done  with  care,  particularly  given  the  complexity  of  hazard¬ 
ous  waste  and  its  treatment. 
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1.2  INDICATION  OF  PROBLEM 


This  study  is  the  result  of  increasing  concern  over  the  potential 
adverse  health  and  environmental  consequences  associated  with  emissions  of 
volatile  substances.  Such  emissions  from  TSDFs  are  of  particular  interest. 
According  to  preliminary  unpublished  results  from  an  EPA  national  survey  of 
TSDFs  (US  EPA  1983a)  conducted  in  1981,  there  are  about  4,820  TSDFs  in  this 
country  managing  a  total  of  about  151  billion  liters,  or  approximately  100 
million  Mg,  of  hazardous  waste  annually.  While  no  comprehensive  estimate 
ot  the  total  volatile  emissions  from  all  domestic  TSDFs  has  been  reported, 
at  least  one  estimate  has  been  made.  Preliminary  estimates  by  Breton 
et  al.  (1983)  were  made  for  nationwide  emissions  of  54  selected  volatile 
compounds  regulated  under  the  Resource  Conservation  and  Recovery  Act  (RCRA). 
They  have  also  estimated  total  emissions  of  all  volatile  organic  compounds 
(VOCs).  Their  estimate  does  not  include  facilities  that  have  not  yet  filed 
for  Part  A  permits  or  sites  regulated  under  the  Comprehensive  Environmental 
Response,  Compensation,  and  Liability  Act  (CERCLA).  Total  nationwide 
emissions  of  the  54  RCRA  regulated  chenirals  from  TSDFs  were  estimated  at 
1.6  million  Mg  per  year.  Total  nationwide  VOC  emissions  from  TSDFs  were 
estimated  to  be  between  1.6  and  5.4  million  Mg  per  year,  while  total  VOC 
emissions  from  all  sources  was  estimated  at  about  22.3  million  Mg  per  year. 
Consequently,  emissions  from  TSDFs  may  represent  as  much  as  19.5  percent  of 
total  nationwide  VCC  emissions.  These  results,  although  preliminary  and 
based  on  limited  data,  indicate  that  emissions  of  volatile  compounds  from 
TSDF  may  be  s i gnif icant . 

There  a^e  a  number  of  sources  within  TSDFs  from  which  volatile  emissions 
can  be  emitted.  These  sources  include  the  following: 

Aerated  impoundments--mechanical ly  agitated  liquids  in 
direct  contact  with  the  atmosphere 

Surface  i: ipoundments--qi  iescent  liquids  or  sludges  in  direct 
contact  with  the  atmosphere 

•  Landf i 1 1 s-- 1 i quids ,  solids,  or  sludges  usually  covered  with 
thin  soil  layers 

•  Land  treatment-- 1 i qui ds  or  dilute  sludges  applied  mixed  with 

surface  soil 
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Cooling  towers--l iquids  in  direct  contact  with  the  atmosphere 
while  flowing  within  a  conventional  cooling  operation 

Storage  tanks--open  or  covered  tanks  containing  (usually) 

1 iquids 

Drum  handl ing--physical  handling  operations  during  which 
drums  may  be  opened  or  leaking  drums  moved 

General  process  operat ions--materi al s  transfer  in  open 
containers,  or  any  other  operation  during  which  the  waste  is 
exposed  directly  to  the  atmosphere. 

With  the  exception  of  the  cooling  towers,  potential  emissions  from  these 
sources  have  been  described  elsewhere  (Breton  et  al .  1983).  A  discussion  of 
cooling  tower  emissions  is  provided  in  Appendix  B.  Emissions  from  these 
processes  can  vary  considerably  and  are  dependent  upon  a  number  of  factors 
such  as  residence  time  of  the  waste,  area  of  waste  exposed  to  the  atmosphere, 
and  process  temperature.  Characterizing  TSUF  emissions  sources  and 
predicting  the  rate  at  which  they  may  release  volatile  comoounds  is  further 
complicated  by  the  wide  variety  of  waste  streams  which  many  of  them  hundle. 

There  are  a  number  of  ways  of  controlling  emissions  from  these  sources. 
The  ways  can  be  grouped  into  four  categories:  pretreatmeni ,  in  situ  control, 
process  design  or  operation  changes,  and  post-treatment  (Cnrenfeld  1984). 
Pretreatment ,  the  subject  of  the  present  report,  involves  treating  the  waste 
at  its  point  of  generatin  or  as  it  enters  a  TSDF  in  order  to  remove  the 
volatile  constituents  of  the  waste  so  that  they  will  not  be  released  by  some 
other  process  at  the  TSDF.  For  example,  air  stripping  could  be  used  to 
remove  a  slightly  soluble  volatile  from  an  aqueous  stream,  and  the  off  gases 
could  chen  be  incinerated.  In  situ  controls  act  directly  upon  a  waste  stream 
when  it  is  in  a  TSDF  process  to  reduce  the  potential  for  volatiles  physically 
leaving  the  waste.  An  example  of  an  in  situ  control  would  be  the  use  of  an 
immiscible  liquid  on  the  surface  of  a  surface  impoundment  to  impede  the  mass 
transfer  of  volatiles  from  the  waste  in  the  impoundment  to  the  atmosphere. 
Process  design  changes  may  involve  changes  in  process  construction,  such  as 
using  deeper  impoundments  with  smaller  surface  areas  to  decrease  the 
waste-to-atmosphere  interface.  Or,  a  change  in  the  operation  of  a  land 
treatment  site  to  using  subsurface  injection  instead  of  surface  spreading 
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could  oe  made  to  reduce  emissions.  °ost  treatment  control  invokes  the 
capture  and  subsequent  disposal  (or  reuse)  of  emissions  from  a  TSDF  process. 
For  exampie,  a  surface  impoundment  could  be  covered  with  an  inflatable  dome 
and  the  volatile  gases  vented  through  a  column  of  activated  charcoal. 

When  considering  the  appropriate  emissions  control  t0  be  used  on  a 
process  at  a  g:ven  TSDF,  the  cost-effectiveness  of  the  options  available  for 
the  process  at  that  site  must  be  considered,  along  with  the  possibility  that 
a  technique  like  pretreatment  may  reduce  emissions  from  several  processes  at 
the  site.  Because  cf  the  numerous  processes  and  controls  that  must  be 
considered,  a  comparison  between  the  cost-effectiveness  of  pretreatment  and 
controls  falling  in  vhe  three  other  categories  was  not  undertaken  in  the 
present  study.  Such  a  comparison  is  being  made  by  others  usinq  the 
pretreatment  cost  estimates  developed  here  (Ehrenfeld  1984). 

1.3  APPROACH 

RTI  examined  potential  chemical  engineering  techniques  for  pretreating 
hazardous  wastes  and  selected  12  b^oad  techniques  as  being  the  most  appli¬ 
cable.  These  are 

Steam  stripping 
Chemical  oxidation 
Carbon  adsorption 
Resin  adsorption 
Air  stripping/adsorption 
Evaporat i on/adsorpt ion 
Biological  treatment 
Ozonat icn/radiolysis 
Distillation 
Wet  oxidation 
Solvent  extraction 
Physical  separation 

Other  potential  teenniquos  were  not  considered  appropriate  for 
pretrr  at.ment  with  ‘.he  specific  intention  of  removing  volatiles.  Also 
excluded  were  technques  that  are  used  primarily  for  ultimate  destrucion,  such 
as  incineration  and  pyrolysis. 
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To  evaluate  pretreatment  technology  for  removing  volatile  constituents, 
reasonably  detailed  data  on  stream  composition  and  physical  properties  are 
required.  Thus,  me  major  task  of  this  study  is  an  in-depth  evaluation  of 
hazardous  waste  classification  schemes  and  existing  hazardous  waste  data 
bases.  It  war  necessary  to  determine  if  any  existino  data  base  contained 
sufficient  information  to  permit  a  valid  assessment  concerning  the 
compatibility  of  waste  streams  with  specific  pretreatment  technologies.  A 
comprehensive  data  base  containing  waste  stream  composition  and  generation 
rate  data  was  needed  for  this  study.  An  exhaustive  and  complete  data  base  of 
this  sort  is  not  currently  available.  RTI's  review  of  existing  hazardous 
waste  stream  data  bases  indicated  that  the  Waste  Environmental  Treatment 
(WET)  Model  data  base  (U.E.  EPA  1983b)  was  best  suited  for  use  in  assessing 
the  compatibility  of  pretreatment  techniques  with  specific  waste  streams. 
Thus,  conclusions  based  on  the  methodology  of  this  report  are  limited  by  the 
data  base  chosen.  The  identification  and  evaluation  of  alternative  waste 
character ization  data  bases  is  reported  in  Section  3,  including  discussions 
concerning  the  limitations  of  the  WET  Model  data  base.  It  was  also  noted 
that  the  WET  Model  data  base  includes  listed  and  unlisted  waste  streams. 

The  definition  of  "volatile  constituent"  used  in  the  report  is  broader 
than  those  found  in  other  contexts  of  environmental  science.  This  was  done 
because  when  the  study  was  initiated  it  was  not  known  what  compounds  were  of 
greatest  concern  when  emitted  from  TSDF's.  In  particular,  one  probably 
cannot  just  take  the  physical  property  of  volatility  into  account  to  identify 
emitted  compounds  of  significant  concern,  but  also  must  factor  in  the 
potential  noalth  effects.  With  this  in  mind,  it  was  decided  that  when 
evaluating  waste  streams  in  the  WL f  Model  data  base,  all  those  compounds 
listed  as  a  Constituent  of  Concern  in  a  given  waste  stream  and  known  to  have 
a  significant  vapor  pressure  should  be  analyzed.  Generally  this  vapor 
pressure  was  over  0.1  mm  Hg  at  ?5°  C,  but  in  some  cases  compounds  of  lower 
vapor  pressure  were  included  because  they  might  have  significant  health 
impacts.  Tiiis  approach  to  scoping  the  problem  leads  to  an  analysis  of 
compounds  with  a  very  wide  range  of  physical  character istics  that  reflect 
volatility  (e.g.,  vapor  pressure  of  the  pure  compound,  or  Henry's  law 
constant).  For  example,  one  ^sult  of  this  definition  is  that  nercury  is 
analyz'd.  More  importantly,  organic  compounds  such  as  phenol,  which  are 
considered  to  be  semi vol at i 1 es  in  the  field  of  water  qual Uy,  are  included 
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under  the  broad  term  of  volatile  constituent  in  this  report.  It  was  felt 
that  because  the  problem  of  TSDF  volatile  emissions  was  just  beginning  to  be 
scoped,  it  was  better  to  be  overly  inclusive  in  the  analysis  ban  to  exclude 
compounds  fhac  ultimately  might  prove  to  be  significant  even  though  they  had 

low  vapor  pressures. 

The  impact  of  adopting  waste  stream  pretreatment  for  volatile  consti¬ 
tuent  recovery  cannot  be  estimated  without  some  knowledge  of  emissions  that 
currently  occur  at  existing  TSDFs.  Thus,  another  important  task  was  to 
characterize  existing  TSDFs;  this  included  investigating  prevalent  methods  of 
treatment  end  disposal  and  their  associated  emissions,  as  well  as  gathering 
descriptive  statistics  concerning  TSDFs.  Section  4  is  a  discussion  of  the 
available  information  or>  TSDF  character i st ics .  Data  from  the  WET  Model  were 
used  in  conjunction  with  published  data  and  engineering  judgement  to  match 
waste  streams  from  the  WET  Mode’  with  candioate  pretreatment  technologies 
(see  Sections  ~  and  6).  In  addition,  WET  liodel  data  on  waste  generation 
rates  were  used  to  estimate  the  apprv'.pri  ate  equipment  scale  (Section  5). 
Material  balances,  energy  balances,  and  equipment  cost  estimates  based  on 
this  scale  could  then  be  used  to  estimate  economic  parameters  such  as  the 
cost  effectiveness  associatd  with  eai  h  technology.  When  nossihle,  data  from 
the  othe;  sources  (as  mentioned  above)  were  u-ed  to  suoplement  data  from  the 
WET  Model . 

Section  5  of  the  repor *  is  divided  into  discussion,  of  each  oi  the 
techniques  that  were  chosen  for  assessment.  There  is  a  description  of 
how  eac.i  techniq.e  operates,  ac  well  as  its  current  state  of  development  and 
its  use  in  industry  and  in  waste  disposal.  Expected  efficiencies  for 
temoving  volatiles  from  waste  stre  .ns  are  estimated. 

Fo'-  each  pretreatment  technique,  tnere  is  a  set  of  hazardous  waste 
stream  cn aracter i st  ics  (or  criteria)  that  determine  whether  the  technique  is 
applicable  for  that  stream.  Using  thes'..-  criteria,  an  appropriate  WET  Model 
stream  has  been  selected,  arid  a  detailed  example  has  been  prepared  to  shuw 
how  the  given  pretreatment  teennique  might  be  used  for  th'S  specific  WET 
stream  The  capital  and  operation  and  maintenance  costs  for  treating  the 
example  stream  are  determined,  along  with  the  costs  of  controlling  treatment 
residuals  and  the  credits  from  any  residuals  that  can  be  recycled.  (Detailed 
cost  tables  for  eacn  example  are  pruv1. ued  in  Appendix  A  of  the  report).  From 
this  data,  the  unit  cost  (S/kg  stream  treated)  and  the  cost-ef fectivenes. 
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($/'<g  of  volatile  removed)  are  calculated. 

In  Section  6  of  the  report,  the  compatibility  of  72  of  the  WET  Model 
wsate  streams  with  each  of  the  pretreatment  techniques  is  graded  on  a  scale 
ranging  from  those  combinations  of  streams  and  techniques  which  have  been 
"demonstrated"  on  a  commercial  scale  to  those  which  are  "inapplicable" 
because  there  is  r ,o  conceptually  valid  basis  for  expecting  that  volatile 
removal  from  a  particular  stream  can  be  accomplished  using  a  particular 
pretreatment  technique. 

1.4  STUDY  LIMITATIONS 

This  report  documents  a  preliminary  assessment  of  a  very  complex  topic, 
and,  consequently,  the  detailed  parts  of  the  analysis  must  b-  used  with 
caution.  There  are  a  number  of  limitations  and  weaknesses  in  the  analysis 
resulting  from  limited  available  information  and  study  resources  which  may 
effect  the  results.  The  limitations,  however,  should  primarily  affect  the 
details  of  applying  pretreatment  to  specific  TSDFs  and  of  determining 
oretreatment  emissions  reductions  that  can  be  achieved,  and  should  net 
signif irantly  affect  the  conclusions  about  the  general  applicability  of 
specific  pretreatment  techniques  to  various  categories  of  waste  streams. 

The  hazardous  waste  streams  considered  here  are  limited  in  number.  The 
19  3  version  of  the  WET  Model  data  base  that  was  used  represents  less  than 
half  the  streams  that  are  listed  in  a  recently  updated  version  of  that  data 
base.  On  the  other  hand,  the  WET  Model  data  base  includes  potent i al ly 
hazardous  as  well  as  listed  waste  streams.  Therefore,  some  non-listed  waste 
streams  are  considered  in  this  report.  In  audition,  there  have  been  since 
some  modifications  to  the  quantities  (and,  in  some  cases,  the  species)  that 
were  listed  for  individual  waste  streams.  Therefore,  the  quantitative  waste 
stream  data  presented  here  should  be  used  with  caution. 

finally,  it  should  be  noted  that  each  of  the  cost-effectiveness  calcu¬ 
lations  performed  in  Section  5  and  Appendix  A  were  done  for  a  single  waste 
stream  of  a  single  size.  A  different  stream  was  chosen  to  develop  costs 
for  eacn  treatment  technique.  Cost-effectiveness  will  vary  with  the  size  of 
the  pretreatment  process  because  of  economics  of  scale  and  may  change  with 
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wa -te  stream  characteristics.  Therefore,  one  must  be  careful  when  making 
direct  comparisons  between  the  cost-effectiveness  of  the  various  pretreat¬ 
ment  techniques  presented  there  to  account  for  these  differences. 
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SECTION  2 


CONCLUSIONS 

The  following  conclusions  have  been  drawn  from  this  preliminary  assess¬ 
ment  of  techniques  that  can  be  used  for  removing  volatiles  from  hazardous 
waste  streams.  Becau_o  waste  stream  cnarateri  zati  on  and  treatment  cost 
were  integral  parts  of  this  assessment,  conclusions  about  these  topics  are 
all'  i  ncl  uded. 

2.1  WASTE  STREAM  DATA  BASES 

Existing  waste  stream  classification  schemes  that  use  a  single  methodol¬ 
ogy  (e.g.,  listing  of  waste  properties)  do  not  contain  the  data  required  to 
perform  thorough  technical  and  economic  assessments  of  candidate  pretreatment 
tech, io' ogies.  A  review  of  available  literature  and  data  bases  suggests 
that  a  classification  scheme  that  combines  waste  property  and  waste  type 
listings  is  best  suited  for  this  and  subsequent  studies  of  a  similar  nature. 
An  ideal  scheme  for  this  study  would  contain  the  following  types  of  data: 

v.'aste  properties,  including  reasonably  detailed  data  on  the 
stream  composi'ion,  to  facilitate  an  assessment  of  (1)  the 
volatile  nature  of  the  stream,  and  (2)  waste  stream/pretreat¬ 
ment  technology  compatibility. 

•  A  listing  of  wastes  streams  by  source  to  facilitate  waste- 
specific  identification. 

•  Production-related  data  to  allow  a  preliminary  estimate  of 
the  appropriate  pretreatment  system  design  scale  amd  potential 
magnitude  of  volatile  emissions. 

RTI  evaluated  the  available  compilations  of  hazardous  waste  stream 
composition  and  generation  rate  information  to  find  the  one  most  suitable 
for  this  study.  The  Waste  Environmental  Treatment  (WET)  Model  (U.S.  EPA 
198ib)  was  judged  to  have  the  most  pertinent  information  for  an  engineering 
assessment  of  this  type;  it  is  also  the  most  comprehensive,  in  ipite  of  its 
1 imi ‘ations. 
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2.2  PRETREATMENT  TECHNIQUES 


Tnere  are  a  number  of  alternative  processes  available  for  treatment 
of  most  hazardous  waste  streams.  This  fact  is  demonstrated  in  Table  6-1  of 
this  report,  in  which  a  matrix  matches  the  12  pretreatment  techniques  with 
the  72  waste  streams  considered  here.  Based  on  this  matrix,  the  following 
pretreatment  techniques  are  considered  most  applicable  for  removing  volatile 
constituents  from  the  WET  Model  waste  streams,  considering  cost,  range  of 
waste  streams  which  could  be  pretreated,  and  the  extent  to  which  the 
terhnology  has  been  demonstrated: 

Carbon  adsorption  (liquid  and  gas  phase) 

Steam  stripping 
Batch  distillation 

A  distinction  can  be  maue  between  pretreatment  processes  which  are 
applicable  at  the  site  of  generation  and  processes  which  could  be  used  at  a 
TSDF  that  accepts  waste  materials  from  a  variety  of  sources.  Techniques 
which  are  best  suited  to  steady  stream  composition  and  flow  include 
continuous  distillation,  solvent  extraction,  and,  to  some  extent,  biological 
treatment.  At  a  typical  commercial  TSDF,  the  waste  streams  are  generally  not 
segregated  by  source  Thus,  pretreatment  using  the  three  above-mentioned 
techniques,  which  possess  t tie  capability  of  handling  a  variety  of  waste  types 
as  opposed  to  other  techniques  discussed  in  Section  6,  is  likely  to  be  most 
applicable  at  rS[)Fs. 

For  ary  given  waste  stream  category  (e.g.,  aqueous  wastes),  there  are 
pr* treatment  techniques  which  are  most  appropriate.  These  are  summarized  in 
Table  2-1. 

2.3  COST  CF  PRETREATMENT 

The  cost-effectiveness  of  pretreatment  varies  greatly  in  the  example 
cas'*s  considered  here.  Cost  scenarios  and  estimated  cost-effectiveness  are 
presented  in  Table  2-2.  The  assumptions  aisociated  with  these  cost  estimates 
ire  discussed  in  Appendix  A.  For  thesp  cases,  the  costs  range  from  approxi¬ 
mately  S5b/Mg  of  volatile  removed  (for  a  largp,  relatively  concentrated 
stream)  to  approximately  H.BQO/Mq  (for  a  relatively  small,  dilute  stream). 


TABLE  2-1.  APPROPRIATE  PRETREATMENT  PROCESS  BY  WASTE  TYPE 


Waste  type 

Appl icabl e 

pretreatment  process 

Organic  liquids 

Disti 1 lation 

Aqueous,  up  to  20% 
organi c 

Steam  stripping 

Solvent  extraction 

Aqueous,  less  than  2% 
organic 

Steam  stripping 

Carbon  adsorption 

Resin  adsorption 

Air  stripping  with  carbon 
adsorption 

Ozonati on/rad iolysi s 

Wet  oxidation 

Biological  treatment 

Sludge  with  organics 

Air  stripping  with  carbon 
adsorption 

0 zona ti on/rad i o lys i s 

Wet  oxidation 

Chemical  oxidation 
Evaporation  with  carbon 
adsorpti on 

Some  sludge  in  organic 
or  aqueous  stream 

Physical  separation 
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The  cost-effectiveness  for  removal  of  volatiles  from  the  waste  stream  will 
not  necessarily  represent  the  cost-effectiveness  of  reducing  the  mass  of  emis¬ 
sions  released  from  a  given  source.  T^ere  will  be  some  sources  for  which  the 
emissions  rates  are  sufficiently  high  ano  the  waste  residence  time  sufficiently 
lony  that  all  volatiles  will  be  emitted  (unless  there  is  some  competing  mech¬ 
anism  for  destroying,  e.g.,  through  biological  degradation).  In  such  cases, 
the  cost-effectiveness  of  volatile  removal  is  approximately  equal  to  the 
cost-effectiveness  of  pretreatment  as  an  emissions  control.  For  sources  such 
as  storage  tanks  which  have  low  emissions  rates  the  use  of  pretreatment  for 
emissions  control  will  be  less  cost  effective. 
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SECTION  3 


REVIEW  OF  CLASSIFICATION  SCHEMES  ANO  HAZARDOUS  WASTE  DATA  BASES 

3.1  INTRODUCTION 

A  procedure  to  classify  hazardous  wastes  is  both  necessary  and  desir¬ 
able  when  assessing  issues  related  to  hazardous  waste  treatment,  storage, 
and  disposal.  The  use  of  a  classif iation  scheme  provides  a  common  basis  for 
comparing  various  treatment,  storage,  and  disposal  technologies,  and  ensures 
that  such  comparisons  are  meaningful.  One  task  of  this  study  was  to  assess 
available  waste  categorization  schemes  to  determine  which,  if  any,  was  best 
suited  for  evaluating  the  appl icabi 1 ity  of  pretreatment  technologies  to 
various  waste  streams. 

Unfortunately,  hazardous  wastes  defy  easy  classification  into  discrete 
"types."  This  is  due  primarily  to  the  large  variability  (in  terms  of 
physical  properties  and  composition)  displayed  by  hazardous  waste  streams. 

The  universe  cf  hazardous  waste  streams  is  best  described  as  a  continuum 
that  is  not  easily  subdivided.  Fcr  this  reason,  past  efforts  to  develop 
waste  classification  schemes  have  varied  in  scope  and  content  depending  upon 
the  nends  of  thp  user  or  developer. 

For  an  effective  assessment  of  the  technical  and  economic  applicability 
of  pretreatment  technologies  for  removing  volatile  constituents  from  various 
waste  streams,  a  classification  scheme  that  provides  two  types  of  information 
is  desirable: 

1.  Data  that  will  allow  a  complete  assessment  of  the  physical  and 
chemical  nature  of  the  waste  stream,  especially: 

to  potential  volatility  of  the  stream,  and 

the  compatibility  of  the  waste  stream  with  proposed 
pretreatment  techniques. 
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2.  Hazardous  waste  stream  volumetric  production  rates  (e.g.,  kg/day) 
that  can  be  used  to  make  preliminary  estimates  of  equipment 

scale . 

While  numerous  waste  classification  rchemes  have  been  developed  and  imple¬ 
mented,  none  provides  the  detailed  chemical  and  physical  information  neces¬ 
sary  for  a  study  of  this  type. 

Established  waste  classification  schemes  have  used  one  or  a  combination 
of  several  available  techniques.  As  suggested  earl ier,  the  technique(s) 
employed  have  depended  to  a  large  extent  on  the  needs  and  interests  of  the 
developer.  The  three  approaches  most  commonly  employed  are  the  following 
(Metry  1978): 

C atpgor i zat i on  by  waste  properties,  e.g.  toxicity,  flamability, 
etc . 

Categor i zat ion  by  waste  types,  e.q.,  polychlorinated  aromatics 

Numerical  ranking  of  wastes  based  upon  a  mathematical  ranking 
system  (a  quantitative  approach  based  or,  the  first  approach 
above) . 

Table  3-1  lists  20  hazardous  substance  classification  schemes  that 
were  developed  primarily  for  regulatory  purposes.  All  of  these  schemes 
utilize  a  listing  of  waste  properties.  In  fact,  each  of  these  schemes  uses 
toxicological  criteria  to  determine  whether  or  net  a  substance  should  be 
clasified  as  hazardous  (Koh^n  1975).  Such  classification  schemes  may  be  of 
^ome  use  at  the  present  study,  in  that  an  estimate  of  waste  stp°am  volatility 
might  be  made  from  other  waste  stream  characteristics,  e.g.,  flammability. 
However,  what  quantitative  waste  stream  data  is  provided  in  these  data  bases 
usually  cannot  be  directly  related  to  the  physical  and  chemical  parameters 
required  for  a  complete  assessment  of  waste  stream  treatment.  In  addition, 
such  schemes  generally  do  not  contain  the  information  required  to  establish 
an  appropriate  equipment-  scale  (capacity)  for  pretreatment  technologies. 

Cl  ass i f icat ions  according  to  waste  type  have  the  inherent  advantage  of 
allowing  easy  waste-specific  identif .cation  (Kohan  1975).  Such  schemes 
typically  take  two  forms,  namely: 
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TABLE  3-1.  SOME  HAZARDOUS  WASTE  CLASSIFICATION  SCHEMES  DEVELOPED 
PRIMARILY  F^R  REGULATORY  PURPOSES3 


Classification  criteria6 


System 

1 

2 

3  4  5 

6 

7 

8 

9 

10 

11 

12 

Tit'e  15,  U  S  Code,  Sec  1261 

X 

X 

X 

X 

X 

X 

X 

CPSC-Title  16.  CFR,  Part  1SOC 

X 

X 

X 

X 

X 

X 

X 

Food,  Dreg,  and  Cosmetic  Act 

X 

X 

X 

X 

OOT-Titte  49.  CFR.  Parts  100-199 

X 

X 

X  X 

X 

X 

X 

X 

Pest ’ c ides- T  i tie  aq,  CFR.  Part  162 

A 

X 

X 

X 

Ocean  Tump i ng- T i t ) e  40,  CFR,  Part  227 

X 

X 

X 

X 

NIQSM- To* i C  Substances  List 

X 

X 

Or i nk  » ng  water  Standards 

X 

X 

X 

*  wPCA  Sec  304  (a)(1) 

X 

X 

X 

Sec  307  (a) 

X 

X 

X 

X 

.ec  311  (b)(2)(A) 

X 

X 

Clean  Air  Act-5  -c.  112 

X 

X 

X 

'.ail  form  a  State  Li  st 

X 

X 

X  X 

X 

X 

v-tional  Academy  of  Sciences 

X 

X 

X 

TPe  j/strms  Group 

X 

X 

X  X 

X 

X 

X 

Batelle  Memorial  Institute 

X 

X 

X  X 

X 

X 

X 

X 

X 

Booz-Ailen  Applied  Research,  Inc 

X 

X 

X  X 

X 

Cep*  of  the  Ar*ny 

X 

*-  t  c*  *.-’**  Na#y 

X 

X 

XXX 

X 

X 

National  Cancer  Institute 

X 

X 

X 

X 

*  a  >-•  **  kohan  (  A-f  75) 

i>  f  tat 'oi  criteria  key 

ro» k  olog »ca 1 

*,  f  1  1 1  t  s 

1  i  los  we 

4  for ro  •  *  ve 

5  Reactivity 

6  0*  1 1i  1 1  rg  m.jter  i  a  1 

7 

8 

9 

10 

11 

12 

Radioacti  ve 

I rr i tant 

Strong  sanitizer 

B i oconcentrat ion 

Carc ’ nogen ic .  mutagenic. 
Suf  f  ic i ent  quant i ty 

ter 

■toge-iic 
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Classification  based  upon  the  generic  chemical  nature  of  the 
waste,  e.g.,  aqueous  organics, 

Classification  based  upon  the  source  of  the  waste  stream,  e.g., 
phenolic  sludge  from  the  production  of  plastics. 

The  classification  scheme  presented  in  Table  3*2  is  a  good  example  of 
the  first  case  above.  The  chemical  and  physical  nature  of  the  waste  are 
considered  in  formulating  the  various  waste  groups.  This  particular  classi¬ 
fication  scheme  was  developed  by  a  commercial  TSDF  to  describe  the  type  and 
nature  of  the  wastes  handled  (Exner  1978). 

The  University  of  Cal i f ornia-Davi s  (UCu)  waste  categorization  utilizes 
both  of  the  classification  schemes  mentioned  above.  In  the  UCD  scheme, 
waste  categories  are  based  on  the  chemical/physical  nature  of  the  waste  in 
conjunction  with  the  waste  source  (Toxic  Waste  Assessment  Group  1981). 

Table  3-3  presents  a  listing  of  several  UCD  waste  categories  under  the 
overall  heading  of  inorganics. 

The  obvious  drawback  (for  this  study)  of  classification  schemes  that 
rely  solely  on  waste  properties  is  the  probable  lack  of  data  that  would 
allow  one  to  establish  an  appropriate  equipment  scale  and  associated  process 
design  for  candidate  pretreatment  technologies.  However,  such  schemes 
could  be  used  to  identify  waste  streams  that  could  be  pretreated.  In 
addition,  schemes  such  as  that  presented  in  Table  3-2  generally  do  not 
provide  data  necessary  to  estimate  the  volatile  content  of  the  waste  with 
any  reasonable  degree  of  certainty. 

Numerical  ranking  of  wastes  for  the  purpose  of  waste  classification 
incorporates  the  use  of  weighing  factors  that  are  applied  to  waste  criteria 
such  as  toxicity,  flammability,  etc.  (Metry  1978).  Typically,  a  single 
numerical  rating  is  obtained  by  using  a  mathematical  combination  of  weighted 
criteria.  One  such  system,  developed  by  Booz-Allen  Applied  Researcn,.is 
illustrated  in  Table  3~4.  In  this  system,  the  potential  effects  of  human 
toxicity,  f lammabi 1 i ty/expi cs i on  potential,  and  ecological  impact  are  rated 
with  respect  to  air  exposure,  water  exposure,  and  land  exposure.  The  sum 
of  the  weighted  ratings  is  in  turn  rated  with  respect  to  production  (quantity 
generated)  and  distribution  (type  of  transportation  and  user  characteristics). 
The  weighting  factors  used  by  Booz-Allen  are  not  always  unity  (  Jthough 
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TABLE  3-2.  WASTE  CLASSIFICATION  BY  LISTING 
OF  V'ASTE  TYr'Ea 


Group 


Classification 


Example 


I  Aqueous  Iorganic  Liquid 

Ncnmetallic  salts 
Acid 

Acid  with  heavy  metals 
A1 kal  i 

Alkali  with  heavy  metals 
Cyani de 

Reactive  (bleach,  sulfide) 

Bri  ne 

II  Aqueous  Organic  Liquid 

Biodegradable  organic 
General  organic 
Organic  and  heavy  m.*tals 

III  Organic  Liquid 

Liquid  hydrocarbon 
Hydrocarbon  with  water 
Chlorinated  hydrocarbon 
Polychlorinated  aromatics 
Other  halogenated  hydrocarbons 
Other  substituted  hydrocarbons 
Oil  (heavy  hydrocarbon) 

Organic  w/heavy  metal 

IV  Slurry/Sludge  (Liquid/Solid) 

Organic/organic 
Organic/heavy  metals 
Aqueous/heavy  metals 
Aqueous/inorganic  nonmetal  lie 
Aquecus/b iolog leal 
Organic/inorganic 
Aqueous/organic 

V  Solids 

Organic 

Inorganic 

Inorganic  with  organic 
Heavy  metal 
Contaminated  trash 
Organic  heavy  metal 

aSource:  Exner  1970. 


Na2SC4,  NaN03 
HF,  HN^3,  H2S04,  H3P04 
HN03  +  Fe(N03)2 
NaOH 

NaOH  +  lead 

NaCN ,  KCN ,  Cd(CN)2,  Zn(CN)2 
Mercaptans,  H2S,  Na2S 
NaCl 


acetone,  MEK,  acetic  acid 
Phenol 


Hexane,  gasoline 
Jet  fuel 
Not  accepted 
Not  accepted 
Not  accepted 
Mercaptans 

Crude  oil  w/light  ends 
Tar  w/nickel  catalyst 


Waste  oils 

Cooling  tower  sludge  w/chromium 
Aqueous  calcium  carbonate 
Biological  treatment  plant  sludge 
Oil  spill  cleanups 
Aqueous  amines 


High-molecular-weight  alcohols 
Spent  calcium  chloride  drying  agent 
Used  insulation 

Spent  catalysts  containing  metals 
Empty  chemical  bags 
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TABLE  3-3.  EXAMPLE  OF  UCD  WA3TE  CATEGORIES3 


Inorganics 


(11)  Acidic  Solutions  (usually  contain  MCI,  H2S04  or  HN03): 

(111)  ...with  heavy  metals  (antimony,  arsenic,  barium,  beryllium,  boron, 
cadmium,  chromium,  copper,  indium,  lead,  manganese,  mercury, 
molybdenum,  nickel,  selenium,  silver,  tin,  vanadium,  and/or 
zinc) 

(112)  ...with  other  metals  and  non-metals  (typically  contain  an  alkali 
metal ,  e. g. ,  Na ,  K) 

(113)  other  acidic  solutions  (acidic  solutions  not  containing  metals 
or  non-metals,  or  acidic  solutions  with  no  component  information 
provided) 

(12)  Alkaline  sol uti ons  (usually  contain  MaOH,  KGH,  or  NH40IQ: 

(121)  ...with  heavy  metals  (see  (111)  above) 

(122)  ...with  other  metals  and  non-metals  (see  (112)  above) 

(123)  other  alkaline  solutions  (alkaline  solutions  not  containing 
metals  or  non-metals,  or  alkaline  solutions  with  no  component 
information  provided) 

(13)  Metal-finishing  solutions  (from  process  identification  on 
manifest,  e.g.,  "metal  plating,"  "pickling  bath,"  etc.) 

(131)  ...acidic  (per  component  listing) 

(132)  ..alkaline  (per  component  listing) 

(133)  spent  pickle  liquor  (process  identification) 

(14)  Other  aqueous  (salt/  solutions:  (frequently  acidic  or  basic 
solutions  which  are  neutralized  by  generator,  yielding  a  salt 
solution)- 

(141)  ...witn  heavy  metals  (see  (112)  above) 

(142)  ...with  other  metals  (see  'v113)  above) 

(143)  solution  containing  reactive  anions  (includes  cyanide,  sulfide, 
fluor’de,  hypochlorite,  or  bromate) 

(144)  other  aqueous  solutions  (aqueous  solutions  (14)  other  than 
(141),  (142),  (143),  or  (145)) 

(145)  brine  (category  15,  California  manifest) 

(15)  Inorganic  solids- 

(151)  inorganic  solids  (activated  carbon,  cement,  eti..) 

(152)  inorganic  chemicals  (miscellaneous  salts,  etc.) 


(conti nued) 
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TABLE  ?*3  (continued) 


Inorganics 

(16)  Other  inorganic  wastes: 

(161)  asbestos-containing  wastes  (per  component  information) 

(162)  aluminum  or  tin  wastes  (pe»*  component  information) 

(165)  spent  catalyst  (usually  silica-alumina  or  zeolite,  containing 

trace  metals  and  carbonaceous  deposits) 

(167)  unidentified  inorganic  wastes 

a$ource:  US  EPA  1982 


21 


TABLE  3-4.  EXAMPLE  OF  A  NUMERICAL  RANKING  SCHEME 
FOR  HAZARDOUS  WASTE  CLASSIFICATION 
COMPOUND:  CADMIUM  OXIDE 


Initial 

rating 

Weight 

F  i  nal 
rating 

Air  disposal 

Human  toxic  affects 

3 

1 

3 

Flame/explosion 

2 

1 

2 

Ecoef fects 

2 

1 

2 

Water  disposal 

Human  toxic  effects 

3 

X 

3 

Flame/explosion 

X 

1 

1 

ccoef fects 

u 

1 

U 

Soil  disposal 

Human  toxic  effects 

1 

1 

1 

Flame/explosion 

2 

1 

2 

Ecc .f  fects 

U 

1 

U 

Total  effects  rating  (sum  of  above) 

14 

Number  of  unknowns  above 

2 

Maximum  potential  effects  rating 
(unknowns  *  3  total  effects 
rating) 

20 

Production  rating 

1.0 

Di:  tv ibution  rating 

0.5 

Hazard  extent  rating  (sum  of  pro¬ 
duction  and  distribution) 

1.5 

Hazard  rating  (total  effects 
rating  *  hazard  extpnt  rating) 

21 

Maximum  potential  hazard  rating 
(maximum  potential  effects  rate 
and  extent  of  hazard  rating) 

—  - -  ■  ~  ■  -  - — - - 

30 

•J  =  Unknown. 
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they  happen  to  be  in  Table  3-4),  but  vary  depending  upon  the  relative 
significance  of  each  criterion.  Such  a  weighted  ranking  system  might  be  of 
use  to  rank  streams  for  investigation  in  the  present  study  if  waste  volatil¬ 
ity  and  toxicity  were  utilized  as  weighted  criteria  ar-’  if  quantitative 
production  data  were  included.  Such  quantitative  production  data  would 
facilitate  the  specification  of  an  appropriate  pretreatment  system  scale 
(to  be  used  as  a  basis  for  subsequent  technical  and  economic  analysis).  So 
such  schemes  have  been  identified,  however. 

In  summary,  existing  waste  stream  classification  schemes  that  use  a 
single  methodology  (e.g.,  listing  of  waste  properties)  do  not  contain  the 
data  required  to  perform  thorough  technical  and  economic  assessments  of 
candidate  pretreatment  technologies.  A  review  cf  available  literature  and 
data  bases  suggests  that  a  classification  scheme  that  combines  waste  property 
and  waste  type  listings  is  best  suited  for  this  and  subsequent  studies  of  a 
similar  nature.  An  ideal  scheme  for  this  study  would  contain  the  following 
types  of  data: 

•  Waste  properties  including  reasonably  detailed  data  on  the 
stream  composition  that  will  facilitate  an  assessment  of  (1)  the 
volatile  nature  of  the  stream,  and  (2)  waste  stream-pretreatment 
technology  compatibility. 

•  A  listing  of  wastes  sr. earns  by  source,  to  facilitate  waste- 
specific  idcnti f icaticn. 

Product i on- rt 1 ated  data  that  will  allow  an  estimate  of  the 
appropriate  pretreatment  system  design  scale  (presumably  the 
scale  that  would  exist  at  a  typical  TSDF)  and  potential  magnitude 
of  volati le  emissions. 

Waste  stream  composition  and  physical  properties  are  required  to  make  a 
reasonable  engineering  judgment  regarding  the  appl icabi 1 i ty  of  various 
pretreatment  technologies.  Economic  assessments  cf  sufficient  detail  can 
only  be  made  after  specification  of  the  scale  of  the  anticipated  appli¬ 
cation. 
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3.2  DISCUSSION  OF  AVAILABLE  DATA  BASES 


3.2  1  Office  of  Solid  Waste.  TSDF  National  Survey 

There  is  little  doubt  that,  following  its  completion  and  validation, 
the  0SW-1SDF  National  Survey  results  will  constitute  an  important  source  of 
data  for  studies  of  this  type.  The  primary  purpose  of  the  survey  is  to 
characterize  the  populations  of  hazardous  waste  gen€;rators  and  TSDFs  regu¬ 
lated  u’ider  Subtitle  C  of  RCRA  (US  EPA  1983a).  A  second  purpose  is  to 
develop  a  national  data  base  on  hazardous  waste  management  practices  for 
use  by  OSW  and  others  in  the  continuing  development  cf  the  RCRA  regulatory 
program.  This  survey  is  the  most  extensive  data  collection  effort  on 
hazardous  waste  management  activities  to  date.  The  survey's  sample  of 
TSDFs  is  deemed  sufficiently  large  to  provide  a  statistically  significant 
data  base  of  process  characteristics  and  waste  stream  management  information. 

Once  data  reduction  efforts  are  complete,  the  OSW-TSDF  National  Survey 
should  provide  much  of  the  background  information  necessary  to  effectively 
assess  the  quantities  and  disposition  of  various  waste  streams,  (particularly 
those  that  have  been  assigned  an  EPA  waste  number),  as  well  as  potential 
emissions  from  tne  facilities  At  least  two  important  components  are 
missing,  however:  (1)  even  general  waste  characteristics  are  not  reported 
(e.g.,  is  the  waste  a  sludge,  slurry,  etc.),  and  (2)  there  are  no  data 
related  to  waste  stream  volatility  (e.g.,  vapor  pressure  data). 

While  the  details  of  the  survey  are  too  extensive  for  discussion  here, 
the  following  pertinent  data  exemplify  the  type  of  information  that  should 
b°  available  from  the  survey: 

•  Quantity  (gal/yr)  of  waste  treated,  stored,  and  disposer*  for 
each  EPA  waste  number. 

•  Quantity  (by  waste  number)  vs.  treatment,  storage,  or  dtsposal 
technique. 

Information  on  waste  stream  composition  (as  derived  from  the  EPA  waste 
number)  can,  in  many  cases,  be  used  to  assess  the  volatility  of  the  waste 
streams.  Also,  since  one  of  the  primary  purposes  of  the  survey  was  to 
characterize  domestic  TSDFs,  the  survey  results  should  be  useful  for  deter¬ 
mining  the  appropriate  equipment  scale  fur  candidate  pretreatment  technologies. 
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Other  data  that  can  be  used  in  assessing  the  overall  effectiveness  of 
pretreatment,  e.g.,  data  --elating  to  emissions  modeling  of  disposal  technol¬ 
ogies,  should  also  be  available  upon  completion  of  the  project. 

3.1.2  Waste  Environmental  Treatment  (WET)  Model  Hazardous  Waste  Data  Base 

The  1983  version  WET  Model  data  base  accounts  for  a  total  annual 
generation  of  approximately  76.8  million  Mg  of  ha7ardous  wastes  represented 
by  147  waste  streams  (US  EPA  1983r).  Table  3.5  presents  data  for  two  waste 
streams  (02.02.07  and  02.02.08)  that  are  listed  in  the  WET  data  base.  The 
waste  stream  numbers  ar  1  designed  to  classify  the  streams  by  various  physical 
and  chemical  properties.  As  Table  3.5  illustrates,  the  WEI  Model  categorizes 
according  to  waste  type  and  waste  properties.  More  specifically,  waste 
type  is  classified  as  the  source  cf  the  waste,  e.g.,  light  ends  from  glycerin 
production  using  alkyl  chloride.  As  suggested  earlier,  a  listing  of  waste 
streams  by  process  source  greatly  facilitates  waste-specific  identification. 
The  waste  properties  listed  by  the  WET  Model  include  waste  biodegradation 
••ate,  biological  oxygen  demand,  and  pH.  More  importantly,  however,  the  WET 
Model  lists  the  hazardous  constituents  of  concern  along  with  their  vapor 
pressures.  This  allows  a  relatively  simple  assessment  of  the  hazardous 
volatile  constituents  of  the  streams.  The  WET  Model  also  lists  potentially 
applicable  treatment  technologies  for  each  waste  stream,  along  with  an 
estimated  waste  generation  rate  per  facility. 

Wnile  the  WET  Model  provides  a  great  deal  of  information  that  would  be 
useful  in  assessing  potential  pretreatment  technologies,  it  does  have 
several  inherent  inadequacies  that  should  not  be  overlooked.  First,  the 
data  compilation  was  intended  primarily  to  characterize  wastes  considered 
nazardous  or  potentially  hazardous  under  Subtitle  C  of  RCPA  (US  EPA  1983b). 
Consequently,  the  WET  data  base  does  rot  characterize  the  "universe"  of 
hazardous  waste  streams.  EPA-0SW  studies  aimed  at  defining  a  wider  range 
of  hazardous  waste  streams  are  in  progress,  however.  This  will  be  a  continu¬ 
ing  process.  Second,  it  must  be  remembered  that  there  is  an  inherent 
difficulty  in  trying  to  characterize  the  waste  generated  by  a  single  type 
of  industrial  process.  The  complexities  and  variations  in  process  parameters 
at  different  plants  within  a  given  industry  make  the  task  of  defining  the 
"typical"  waste  a  difficult  cne.  -or  this  reason,  there  is  inherent  uncer¬ 
tainty  in  the  WET  Model  where  waste  stream  charactf  *i sties ,  particularly 


TABLE  3-5.  WASTE  STREAM  LISTING  FROM  THE  WET  MODEL 
HAZARDOUS  WASTE  DATA  BASE 
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of  industrial  process.  The  complexities  and  variations  in  process  parameters 
at  different  plants  within  a  given  industry  make  the  task  of  defining  the 
"tvpical"  waste  a  difficult  one.  For  this  reason,  there  is  inherent 
uncertainty  in  the  WET  Model  where  waste  stream  characteristics,  particularly 
stream  composition,  are  conerned.  Production  facilities  also  vary  a  great 
deal  in  terms  of  production  rate;  consequently,  the  waste  generation  rate 
(per  facility)  data  from  the  WET  Model  are  also  subject  to  uncertainty  The 
WET  Model  does  address  uncertainties  in  waste  composition  (constituent 
concentration)  and  estimated  waste  generation  rates  (quantity  generated  per 
facility),  however.  This  is  accomplished  by  associating  an  "uncertainty 
factor"  with  these  types  of  estimates  (U^  EPA  1983b).  This  should  allow 
users  of  the  data  to  ertimate  the  error  that  might  result  when  WET  data  are 
taken  to  be  representat i ve  of  domestic  industry  as  a  whole.  It  should  also 
be  noted  that  the  lists  cf  applicable  treatment  technologies  contained  in  the 
WET  : lode  1  are  not  based  entirely  on  demonstrated  applications.  In  many 
cases,  treatment  technologies  were  matched  with  waste  streams  based  upon 
engineering  jucqment  only.  In  addition,  the  hazardous  constituents  of 
concern  listed  in  the  WET  Model  do  not  nrcessarily  include  all  of  the 
volatile  species  in  each  listed  waste  stream. 

Finally,  it  shoi  Id  be  noted  that  the  WET  Model  iteself  is  being  updated 
by  EPA's  Office  of  Solid  Waste.  As  of  May  19o4,  the  data  base  contained  257 
waste  streams  (nrt  all  RCRA  hazardous  wastes)  totalling  160  million  mettic 
tons  per  year.  This  updating  .ncluded  some  revisions  to  data  contained  in 
the  1983  WET  Model  data  base  used  in  thi^  study.  Because  of  limiteJ  funds 
and  the  complexities  of  revising  an  extensive  data,  oase,  it  w^s  decided  not 
to  revise  the  analyses  that  had  already  been  performed  in  this  report .  As  a 
result,  the  reader  is  cautioned  that  while  the  qualitative  results  obtained 
i.i  this  report  using  the  WET  Model  data  base  and  the  methodology  for  obtain¬ 
ing  them  should  be  valid  (and  appropriate  for  a  preliminary  engineering 
assessment),  Quantitative  results  (e.g.,  waste  stream  emissions)  shuj'id  be 
used  with  caution. 
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3.2.3  Assessment  of  Air  Emissions  From  Hazardous  Waste  TSDFs 
(Hazardous  Waste  Ranking,  GCA  Model) 

This  work  resulted  in  a  hazardous  waste  prioritization  designed  to 
provide  an  estimate  of  the  potential  inhalation  health  impact  of  hazardous 
wastes  currently  being  disposed  of  in  the  United  States  (US  HP A  19G3c).  The 
primary  objective  of  this  waste  pr i or i t i zat i on  was  to  identify  a  select  group 
of  hazardous  wastes  for  subsequent  analysis  of  air  emissions  under  other  EPA 
projects. 

Waste  cnaracterization  data  and  chemical  property  data  were  required  for 
input  to  the  hazardous  waste  ranking.  The  goal  was  to  rank  the  emissions 
risk  potential  for  all  selected  chemicals  based  upon  their  presence  in  both 
the  chemical-specific  (U  and  P)  waste  codes,  and  the  generic  (K,  D,  and  F) 
waste  codes.  Waste  streams  were  also  prioritized  based  on  the  volatility  and 
health  hazard  of  all  volatile  constituents  in  each  waste  stream.  Pertinent 
data  from  several  EPA  programs  were  collected  and  compiled.  Waste 
character i zat i on  data  were  compiled  for  47  generic  waste  codes  and  54 
chemical -specif ic  codes.  Waste  generation  data,  i.e.,  volume  generated  per 
year,  were  weighted  by  toxicity  data  to  provide  waste  rankings. 

The  GCA  model,  by  design,  is  best  suited  for  use  in  work  relatd  to  risk 
analysis.  Consequently,  it  has  limited  utility  insofar  as  providing  data 
that  can  be  used  for  matching  hazardous  waste  streams  with  candidate 
pretreatment  technologies.  This  is  largely  due  to  the  fact  that  there  is 
insufficient  information  about  waste  stream  characteristics,  beyond  their 
volatile  constituent  content.  The  GCA  model  waste  rankings  do,  however, 
provide  a  numerical  comparison  of  the  potential  air  emissions  hazard  posed  by 
various  wastes.  Thus,  information  from  the  GCA  model  might  be  used  as  a  tool 
for  selecting  waste  streams  to  be  considered  for  pretreatment . 

At  this  point,  it  should  be  noted  that  some  of  the  major  chemical 
species  listed  in  the  GCA  model  are  not  accounted  for  in  the  WET  model, 
indicating  that  the  WET  model  is  incomplete.  Since  the  GCA  model  rankings 
are  based  upon  toxicity  weighted  waste  generation  data,  large  volume  sources 
may  be  deleted  if  their  toxicity  as  judged  by  GCA  methodology  is  not 
s i gn i f icant . 
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3.2.4  Survey  of  Potential  Hazardous  Waste  Streams  (Industrial  Organic 
Chemicals  Manufactur ing  Industry) 

This  survey  was  conducted  to  assess  potential  hazardous  waste  generation 
from  147  various  organic  chemical  related  processes.  Upon  conclusion,  542 
waste  streams  were  identified  (US  EPA  1982).  The  Industrial  Organic 
Chemicals  Manufactur ing  Industry  (IOCMI)  survey  includes  data  describing  the 
type  and  number  of  waste  sources  within  a  given  process,  the  quantity  of 
waste  generated  per  unit  time,  and  the  chemical  composition  of  the  waste 
stream.  Thus,  the  reduced  data  consist  of  waste  type  and  property  listings. 
Tne  IOCMI  survey  also  rank  orders  the  identified  streams  in  three  ways: 

By  total  mass  (Mg/yr)  of  the  stream  generated 

By  total  mass  (Mg/yr)  of  nonaqueous  waste  generated 

By  total  mass  (Mg/yr)  of  hazardous  constituents  in  the  stream. 


As  one  would  anticipate,  data  abstracted  from  the  IOCMI  survey  will  have 
some  degree  of  uncertainty  associated  with  it.  The  survey  contractor 
( IT-Enviroscience)  noted  the  wide  disparity  in  quality  among  the  various  data 
that  compose  the  survey  (US  EPA  1982).  The  data  used  to  determine  the 
production  or  capacity  of  a  specific  chemical  process  were  of  better  quality 
than  the  data  related  to  the  total  quantity  of  waste  generated  from  a 
process.  Similarly,  the  data  related  to  the  total  quantity  of  waste 
generated  were  of  better  quality  than  the  data  describing  waste  stream 
compositions.  While  the  survey  does  not  quant i t at i vely  assess  the  error 
associated  with  various  data,  data  sources  are  noted  in  some  cases,  e.g., 
published  data  or  engineering  estimate.  Information  in  th>s  data  base  was 
used  to  check  WET  model  data  for  streams  that  were  common  to  both. 

3.3  SUMMARY 

Comparing  data  from  the  OSW-TSDF  National  Survey,  the  WET  Model*, 

*As  noted  in  the  Introduction,  the  WET  Model  is  being  updated  and  some  of 
the  Model  data  used  in  this  report  may  change.  Note  also  that  the  WET  Model 
data  base  is  more  recently  being  referred  to  by  EPA  as  the  "Waste  Stream  data 
Base"  of  the  RCRA  Risk-Cost  Analysis  Model. 
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the  GCA  Model,  and  the  IOCMI  Survey,  it  is  evident  that  the  WET  data  base 
will  be  the  easiest  to  use  as  far  as  pretreatment  assessment  is  con;erned 
This  is  true  for  the  following  reasons: 

Waste  Stream  volatility  is  more  easily  evaluated. 

The  compatibility  of  a  waste  stream  with  a  specific  pretreatment 
technology  can  be  assessed  using  the  stream  composition  data. 

Equipment  scale  can  be  estimated  from  the  "quantity  generated  per 
facility"  data.  Pretreatment  examples  (Section  5)  are  based  on 
this  scale.  This  implies,  in  most  cases,  that  the  equipment  scale 
is  smaller  than  for  a  central  TSDF  treating  wastes  from  many 
sources.  However,  this  choice  is  made  because  it  is  difficult  to 
define  an  alternative  scale  (e.g.,  the  size  of  a  centralized  ”SDF 
would  be  completely  arbritrary). 

Section  5  summarizes  the  approach  used  to  assess  pretreatment  options 
for  waste  streams  that  contain  volatile  constituents. 

The  shortcomings  associated  with  relying  on  the  WET  data  base  should  be 
recognized.  First,  the  WET  Model  was  intended  primarily  to  characterize 
wastes  containing  hazardous  constituents  (as  specified  under  Subtitle  C  of 
RCRA) ;  therefore,  it  is  possible  some  vol ati le-containing  streams  may  be 
overlooked.  In  addition,  there  is  inherent  uncertainty  in  the  stream 
composition  data  provided  by  the  WET  Model --primari ly  because  of  process 
variations  at  the  various  waste  generators.  Finally,  the  waste  generation  rate 
data  must  be  used  in  estimating  pretreatment  system  scale.  The  range  of  this 
parameter  may  be  quite  large,  and  economic  evaluations  based  upon  only  one 
pretreatmen*  equipment  scale  may  be  misleading  because  of  potential  economies 
of  scale. 
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SECTION  4 


TREATMENT,  STORAGE,  AND  DISPOSAL  FACILITY  (TSDF) 
CHARACTERIZATION 

The  purpose  of  Section  4  is  to  summarize  the  available  information 
on  the  characteristics  and  physical  size  of  TSDFs  in  order  to  gain  a  per¬ 
spective  on  the  problem  of  volatile  emissions  from  various  TSDF  operations. 

4.1  THE  DOMESTIC  TSDF  POPULATION 

Figure  4-1  presents  the  regional  distribution  of  TSDFs  as  predicted 
from  the  Office  of  Solid  Waste  (OSW)  TSDF  National  Survey  (US  EPA  1983a). 

As  indicated,  the  total  number  of  TSDFs  (during  1981)  was  estimated  to  be 
4,820.  The  majority  of  the  domestic  TSDFs  are  believed  to  be  located  in 
EPA  Region  V,  which  accounts  for  1,240,  or  approximately  25.7  percent,  of 
the  estimated  4,820  facilities.  As  noted,  Puerto  Rico  (Region  II),  Hawaii 
(Region  IX),  and  Alaska  (Region  X)  are  estimated  to  have  no  TSDFs. 

Figure  4-2  illustrates  the  number  of  commercial  versus  other  types  of 
TSDFs  as  predicted  from  preliminary  results  of  the  OSW  TSDF  National  Sur¬ 
vey.  As  shown,  preliminary  estimates  indicate  that  about  4,450  of  the 
4,820  domestic  TSDFs,  or  92  percent  of  t.he  population,  handle  waste  gen¬ 
erated  primarily  in-house  (50  percent  or  less  of  the  total  waste  processed 
comes  from  other  firms).  This  confirms  the  reneral  observation  that  the 
overwhelming  majority  of  hazardous  waste  is  m  inaged  onsite.  Preliminary 
estimates  from  the  same  survey  indicate  that,  of  the  40  billion  gallons  of 
hazardous  waste  generated  in  1981,  38  billion  gallons  (95  percent)  were 
managed  onsite. 

Figure  4-3  illustrates  domestic  TSDF  capabilities  as  predicted  from 
the  OSW  survey.  As  indicated,  most  of  the  domestic  TSDFs  (4,300)  practice 
waste  storage  in  addition  to  any  other  treatment  and/or  disposal  practices. 
Thus,  about  89.2  percent  of  the  domestic  TSDFs  are  capable  of  storing 
hazardous  wastes.  It  has  also  been  estimated  that  about  1,500  TSDFs,  or 
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Figure  4-1.  Regional  distribution  of  treatment  storage,  disposal  facilities  in  1981. 


Total  TSD's:  4,820 


(1%) 


Commercial 
Facilities 
320  (7%) 


More  than  50%  of  waste  from  other  firms 
and  publicly  owned  or  opera;  d 

More  than  50%  of  waste  from  other  frms 
and  privately  owned  and  operated 


50%  or  less  waste  from  other  firms 


Source:  U  S.  EPA  ’983* 


Figure  4  2.  Number  of  commercial  versus  other  TSD  facilities. 


33 


Total  TSD  Facilities  =  4,820 


Figure  4  3.  Number  of  facilities  with  ‘reatment,  storage, 
and/or  disposal  in  1981. 
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31  1  percent  of  the  population,  conduct  hazardous  waste  treatment  in  addi¬ 
tion  to  any  other  storage  and/or  disposal  activities.  Similarly,  it  is 
estimated  that  only  430,  or  8.9  percent,  of  the  4,820  domestic  TSDFs  con¬ 
duct  waste  disposal  operations. 

4.2  TREATMENT,  STORAGE,  AND  DISPOSAL  PRACTICES 

Preliminary  data  from  the  OSW  TSDF  National  Survey  have  been  used  to 
estimate  the  number  of  facilities  using  selected  treatment,  storage,  and 
disposal  processes.  The  resulting  estimates  are  presented  in  Table  4-1. 
While  a  breakdown  of  process  type  by  quantity  of  waste  handled  might  be 
more  informative,  the  preliminary  data  does  not  allow  the  preparation  of 
such  estimates  for  storage  and  treatment  processes.  However,  for  several 
disposal  technologies  such  a  breakdown  is  available,  and  these  estimates 
are  presented  in  Figure  4-4.  It  is  estimated  that  most  hazardous  waste 
disposal  in  1981  used  underground  injection.  From  the  standpoint  of  air 
emissions,  this  is  favorable  since  emissions  associated  with  this  technique 
are  judged  to  be  minuscule.  The  estimates  indicate  that  during  1981  approx 
imately  8.9  million  gallons  of  hazardous  waste  was  disposed  of  using  under¬ 
ground  injection.  This  quantity  constitutes  about  57  percent  of  the  total 
hazardous  waste  disposal  for  that  year  (15.6  billion  gallons).  Surface 
impoundment  was  the  second  most  common  means  of  wa  te  disposal,  accounting 
for  about  38  percent,  or  5.9  million  gallons,  of  the  total  waste  disposed. 
Landfill,  land  treatment,  and  other  disposal  techniques  represent  the 
remaining  5  percent,  accounting  for  about  0.8  million  gallons  of  waste. 
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TABLE  4-].  NUMBER  OF  FACILITIES  USING  SELECTED  TREATMENT, 
STORAGE,  AND  DISPOSAL  PROCESSES 


Number  of 

Process  type  facilities  in  1981a 


Storage  container 

3,580 

Storage  tank 

1,43C 

Surface  impoundment 

770 

Treatment  tank 

610 

Incinerator 

240 

1 andf i 1 1 

200 

Waste  pile 

170 

Injection  wells 

90 

Land  treatment 

70 

Other  processes 

320 

Total  TSDFs:  4,820a 

aSum  of  process  types  exceeds  4,820  due  to  multiple  proc¬ 
essing  at  facilities. 
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Source:  U  S.  EPA  1983* 


Figure  4  4.  Quantities  of  hazardous  waste  disposed  ir.  1981. 
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SECTION  5 


PRETREATMENT  TECHNIQUES 

This  section  discusses  the  techniques  available  for  pretreat inq  hazardous 
wastes  to  remove  volatile  organic  components.  First,  the  general  approach  to 
evaluating  candidate  treatment  techniques  is  described.  Then,  each  technique  is 
evaluated  in  detail,  providing  a  brief  description  of  the  technique,  the  status  of 
its  commercial  development  and  advantages  and  disadvantages  of  its  use.  An 
example  application  is  provided  to  obtain  an  estimate  of  treatment  costs  and 
further  research  is  recommended . 

initially,  RTI  evaluated  all  wa^te  treatment  technologies  to  determine  their 
ootential  for  pretreating  volatile  waste  streams.  The  results  of  this  evaluation 
are  summarized  in  Table  5-1.  The  technologies  judoed  to  be  the  'tost  applicable 
are  the  f o 1  lowing: 

steam  stripping 
chemical  oxidation 
carbon  adsorption 
resin  adsorption 
evaporat lcn/adsorpt ion 
air  str i pp  ing/adsorpt i on 
biological  treatment 
ozonat lon/radiolys is 
distillation 
wet  oxidation 
soivent  extraction 
physical  sepirations 

These  12  tecl  nolonies  are  evaluated  in  detail  in  this  section.  Each  of 
these  technologies  is  matched  with  appropriate  waste  streams  contained  in  the  WET 
Model  data  base.  This  was  accomplished  '-sing  engineering  judgement  based  upon  the 
physical  and  chemical  nature  of  the  streams  as  described  in  the  WET  data  base. 
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the  streams  as  described  in  the  WET  data  base.  The  results  of  matching  all 
WET  Moael  streams  with  the  12  pretreatment  techniques  are  presented  in 
Section  6. 

It  is  important  to  note  that  in  actual  practice,  well-defined  hazardous 
waste  streams  of  constant  composition  may  exist  only  at  the  point  of  genera¬ 
tion,  and  perhaps  not  even  there  as  a  general  rule.  Thus,  the  matching  of 
pretreatment  techniques  with  any  listing  of  specific  volatile-containing 
hazardous  waste  streams  is  somewhat  artificial.  In  actual  practice,  the 
owner/operator  of  a  TSDF  will  deal  with  a  mixture  of  numerous  streams  whose 
composition  and  chemical/physical  properties  change  with  time.  However,  a 
matching  of  pretreatment  techniques  to  specific  waste  streams  allows  at 
least  a  preliminary  assessment  of  applicable  techniques  for  volatile  removal 
knowing  either  the  source  or  generic  characteristics  of  the  waste  stream. 
Table  5*1  summarizes  the  generic  characteristics  of  various  waste  streams 
and  applicable  pretreatment  techniques. 

In  choosing  the  most  widely  applicable  pretreatment  techniques  to  be 
carbon  adsorption  (liquid  and  gas  phase),  steam  stripping,  and  batch  dis¬ 
tillation,  great  weight  was  given  to  the  variety  of  wastes  that  would  be 
treated  at  a  TSUF  and  whether  these  techniques  are  suitable  to  remove 
volatile  constituents  from  sludges,  aqueous  liquids,  organic  liquids, 
sol ids-containi ng  liquids,  etc.  These  pretreatment  techniques,  perhaps  in 
various  combinations,  would  serve  to  treat  most  of  the  waste  streams  with 
significant  volatile  content  that  would  be  received,  based  on  information 
in  the  WET  Model . 

Once  the  streams  judged  to  contain  volatile  constituents  are  matched 
witn  candidate  prptreatment  technologies,  the  WET  data  or  waste  generation 
rate  (quantity  generated  per  facility)  can  be  used  as  the  basis  for  deter¬ 
mining  the  appropriate  equipment  scale.1  Material  balances  and  equipment 
cost  estimates  based  on  this  scale  are  tnen  used  to  estimate  economic 
parameters,  i.e.,  cost  and  cost-effectiveness,  associated  with  each  technol¬ 
ogy  as  given  in  Appendix  A.  Example  assessments  are  presented  in  subsequent 


’Some  of  the  waste  generation  rate  data  from  the  WET  Model  appear  to  be 
suspect  because  the  generation  rates  ,»re  unusually  small.  Thus,  when 
choosing  a  basis  for  equipment  scale,  these  data  should  be  used  with 
discretion.  The  WET  Model  is  currently  being  updated  by  EPA. 


sections  for  all  of  the  candidate  pretreatment  technologies  listed  above. 

The*  IOCMI  survey  and  other  data  sources  (see  Section  3)  such  as  EPA  hazardous 
waste  stream  data  were  used,  when  possible,  to  supplement  the  data  obtained 
from  the  WET  data  base. 

The  shortcomings  associated  with  relying  on  the  WET  data  base  are 
enumerated  in  Section  3.  As  mentioned  there,  the  streams  contained  in  the 
WET  data  base  probably  do  not  represent  the  "universe"  of  hazardous  waste 
streams.  As  such,  some  significant  volatile  streams  could  be  overlooked. 

One  must  also  recognize  the  potential  shortcomings  of  using  a  waste  generation 
per  facility  data  contained  in  the  WET  Model  as  the  basis  fc^  equipment 
sizing.  There  are  two  reasons  for  this.  First,  the  range  associated  with 
this  parameter  may  be  quite  large.  Secondly,  several  waste  streams  may  be 
mixed  together  prior  to  pvetreatment,  particularly  if  pretreatment  is 
occurring  at  a  commercial  TSDF.  This  will  require  a  larger  treatment  unit. 
Consequently  pretreatment  economics  based  upon  only  one  equipment  scale  may 
be  somewhat  misleading  ir,  that  potential  economics  of  scale  may  be  overlooked. 
In  the  absence  of  a  better  method,  the  cost  (either  capital  cost  or  total 
annualized  cost)  of  a  given  pretreatment  technique  can  be  assumed  to  vary 
with  the  quantity  of  material  processed  raised  to  the  0.6  power.  The 
general  concept  of  using  waste  generation  data  to  estimate  equipment  scale 
appears  to  be  sound,  however.  This  judgment  is  based  upon  preliminary 
results  of  the  OSW-TSDF  National  Survey  which  indicate  that  the  majority  of 
the  hazardous  waste  generated  is  treated  onsite.  It  is  estimated  that,  in 
1981,  95  percent  of  the  hazardous  waste  generated  (~  144  billion  liters) 
was  managed  onsite  (U.S.  EPA  1983a). 

The  cost  of  a  pretreatment  process  depends  on  many  factors,  including: 

•  Volatile  consent,  of  the  waste  stream  (kg  vclatile/kg  waste  -.tream 
treated) 

Required  volatile  removal  efficiency  (kg  volatile  removed/kg 
waste  stream  treated) 

•  Size  (kg  waste  stream  treated) 

•  Design  constraints  (e.g.,  limits  on  emissions  or  energy  consumption 
for  the  pretreatment  process  itself) 

•  Raw  material  and  labor  cost 
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!;or  each  pretreatment  technique  discussed  in  the  balance  of  Section  5, 
an  example  case  (i.e.,  a  specific  WET  Mcdei  stream)  has  been  selected  and 
costs  prepared  for  the  application  of  a  specific  technique  (e.g. ,  steam 
stripping)  to  a  specific  WET  Model  stream  (e.g.,  stream  02.02.14,  bottoms 
from  an  ethylene  cracking  unit).  Specific  details  of  the  capital  cost, 
annual  operating  cost,  and  total  annualized  cost  for  each  example  case  are 
given  in  the  discussion  of  individual  pretreatment  techniques.  These  costs 
consist  of  the  following: 

•  Capital  cost:  purchased  equipment,  design  and  engineering, 
startup,  and  contingency 

•  Annual  operating  cost:  operation  and  maintenance  labor  and 
materials,  utilities,  and  cost  of  disposal  of  residues  from  the 
pretreatment  process  itself,  if  applicable. 

•  Total  annualized  cost:  sum  of  the  annual  operating  cost  and 
capital  recovery  cost,  based  on  typical  book  life  of  equipment  of 
10  percent  per  year.  The  capital  recovery  cost  is  thus  16.265% 
of  the  capital  cost. 

The  cost  of  eadi  pretreatment  technique  case  includes  the  cost  environ¬ 
mentally  safe  residue  disposal,  if  needed.  A1 so  included  are  any 
byproduct  recovery  credits  (e.g.,  for  relatively  pure  solvents  that  may  be 
recovered  in  batch  distillation). 

5.1  STEAM  STRIPPING, 

5.1.1  Introduction 

Steam  stripping  is  a  commercial ly  proven  process  that  is  commonly  used 
to  remove  volatile  compounds  from  aqueous  process  effluents  such  as  wastewater 
streams.  The  process  essentially  involves  fractional  distillation  of 
volatile  constituents  from  an  aqueous  stream.  In  most  instances,  the 
volatile  species  is  water  soluble.  More  recently  however,  stream  stripping 
has  been  used  to  recover  species  that  exhibit  limited  miscibility  in  water, 
e.g.,  chlorinated  hydrocarbons.  The  product  streams  from  the  process  are 
typically  a  concentrated  vapor  or  liquid  solution  containing  most  of  the 
volatile  species,  and  a  very  dilute  treated  aqueous  stream  containing  small 
amounts  of  dissolved  gases  or  volatile  SDecies. 


5.1.2  State  of  the  Art. 

The  equipment  required  for  steam  stripping  is  nearly  identical  to  that 
required  for  distillation.  These  required  items  of  equipment  include  a 
packed  or  tray  column,  a  reflux  condenser/splitter,  and  appropriate  feed 
tanks  and  pumps.  A  typical  s  .earn  stripping  system  is  illustrated  in  Figure 
5-1. 

Steam  stripping  is  usually  conducted  as  a  continuous  operation  (Berkowitz 
et  al.  1978).  The  preheated  feed  stream  is  introduced  near  the  top  of  xhe 
column  and  then  flows  (by  gravity)  countercurrent  to  the  steam  and  organic 
vapors  that  rise  to  the  top  of  the  column.  Steam  is  introduced  at  the 
bottom  of  the  column  as  shown  in  Figure  5-1.  As  the  liquid  phase  flows 
downward  through  the  column,  it  becomes  progressively  leaner  in  volatile 
matter.  Similarly,  the  gas  phase  becomes  richer  ir>  volatile  matter  as  it 
flows  up  through  the  column.  The  overhead  vapor  is  condensed  as  it  exits 
the  column,  and  the  condensate  is  then  usually  routed  to  a  decanter  where 
the  aqutous  phase  (mostly  water)  is  removed  and  returned  to  the  column. 

Because  the  solubility  of  volatile  constituents  is  less  at  the  condensate 
temperature,  most  of  the  volatiles  are  removed  by  phase  separation.  Reflux 
may  or  may  not  be  used,  depending  upon  the  desired  composition  of  the 
overhead  stream.  As  illustrated,  the  stripped  liquid  exiting  the  bottom  of 
the  column  is  typically  used  to  heat  the  feed  via  indirect  heat  exchange 

The  efficiency  of  steam  stripper  recovery  is  dependent  upon  numerous 
variaoles.  The  most  important  of  these  are  as  follows: 

•  Number  of  stages  provided  for  vapor-liquid  contact  v* 

•  Steam  input  rate 

•  Temperature  of  operation  (condition  of  input  steam) 

•  pH  of  the  liquid  phase 

The  area  available  for  intimate  vapor-liquid  contact  is  directly 
proportional  to  the  number  of  stages  (or  number  of  gas-phase  transfer  units 
in  the  case  of  a  packed  colunn)  provided.  The  steam  input  rate  and  condition 
(i.e  ,  temperature,  pressure,  and  thus  enthalpy)  will  determine  the  vapor 
velocity  and  temperature  distribution  within  the  column.  The  temperature 
within  the  column  is  of  paramount  importance  since  temperature  markedly 
affects  the  solubility  of  the  volatile  species  in  water.  Liquid  pH  has 
also  been  observed  to  affect  solubility  (Berkowitz  et  al.  1978). 
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Stripped  Wastewater 
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Figure  5-1.  Process  flow  sheet  and  mass  balance  for  steam  stripping  pretreatment 

of  WET  stream  02.02.14 


5. 1.2.1  Status  of  Commercial  Devel opment-- 

Steam  stripping  is  currently  used  in  both  industrial  chemical  production 
(for  product  recovery  ana  separation)  and  in  industrial  waste  treatment. 
Several  demonstrated  examples  of  product  recovery  by  steam  stripping  are 
the  following: 

•  Ammonia  recovery  (fer  sale  as  ammonia  or  ammonium  sulfate)  from 
coke  oven  gas-scrubber  water 

•  Sulfur  recovery  from  refinery  sour  water 

•  Phenol  recovery  from  aqueous  solutions  generated  in  the  produc¬ 
tion  of  phenol 

More  recent  applications  have  involved  the  use  of  steam  stripping  for 
recovering  organics  from  wastewater.  Some  of  these  applications  i  ivolve 
the  removal  of  phenols,  mercaptans,  and  chlorinated  hydrocarbons  from 
wastewaters. 

Dow  Chemical's  Midland,  Michigan,  plant  contains  a  steam  stripping 
section  that  reduces  wastewater  phenol  content  to  150-750  ppm  (Berkowitz 
et  al.  1978).  This  stream  is  subsequently  treated  by  carbon  adsorption. 

B.F.  Goodrich  has  announced  the  development  of  a  continuous  steam  stripping 
system  for  removing  vinyl  chloride  monomer  from  suspension  resins  of  poly¬ 
vinyl  chloride.  In  addition,  Kraft  mill  condensates  are  steam  stripped  to 
remove  methanol  and  sulfur  compounds  at  a  pulp  and  paper  mill  owned  by  the 
Mead  Corporation  (Berkowitz  et  al.  1978).  performance  of  this  system 

is  illustrated  in  Table  5-2.  This  system  handles  about  200  gal/min  of 
Kraft  mill  condensate  and  requires  about  10,000  1b/h  of  steam. 

EPA's  R;.  Tt  S.  Kerr  Environmental  Research  Laboratory  has  studied  the 
removal  of  lc  molecular  weight  chlorinated  hydrocarbons  from  process 
wastewater  by  steam  stripping  (Berkowitz  et  al.  1978).  For  waste  streams 
containing  3000-6000  ppm  chlorinated  hydrocarbon  removal  efficiencies  of  up 
to  90  percent  have  been  obtained. 

5. 1.2. 2  Constraints  and  Restructions-- 

Since  steam  stripping  is  basically  a  form  ef  fractional  distillation, 
many  nf  the  same  restrictions  apply  (see  Section  5.6).  The  feed  ir.i  st  be  a 
free  flowing  1 iguid  with  negligible  solids  content  (Perry  and  Chilton 
1973).  As  with  distillation,  solids  will  tend  to  foul  and  plug  the  column 


49 


TABLE  5-2.  PERFORMANCE  DATA  FOR  STEAM  STRIPPING  OF 
KRAFT  MILL  CONDENSATES3 


Component 

Concentration 

Before  stripping 

After  stripping 

BOD 

10,009  ppm 

2,500  ppm 

Methanol 

0.8  vol  percent 

0.2  vol  percent 

Total  reducible  sulfur 

20,000  ppm 

100-200  ppm 

aSource:  Berkowitz  et  al .  1978. 
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internals.  Thus,  it  the  solids  content,  is  appreciable,  some  form  of  soMds 
removal  will  be  required.  It  is  also  quite  likely  that  steam  stripper:,  may 
not  adapt  to  changes  in  feeo  composition  while  still  maintaining  the  de.ired 
separation.  Conrequent ly ,  it  would  be  d»siraMe  to  have  a  steady  supply  of 
feed  with  a  relatively  constant  composition. 

5.1.3  Example  Case 

Preliminary  capital  and  operating  cost  estimates  have  been  developed 
for  a  continuous  bteam  stripping  unit  designed  to  treat  17,750  kg/h  of 
benzer;*,  toluene,  and  phenol  contaminated  solution  generated  from  the 
bottoms  of  an  ethylene  cracking  unit.  This  feed  stock  corresponds  to 
stream  02.02.14  of  the  WET  Model  Data  Base  The  design  basis  is  as  fellows: 

•  Feed  rate  of  17,750  kg/h  wastewater  (roughly  .3  weight  percent 
phenol,  .4  weight  percent  toluene,  and  .5  weight  percent  benzene 
by  weight) 

•  Column  operation  at  atmospheric  pressure 

•  Isothermal  operation  at  about  1C0°  C 

It  sas  determined  by  engineering  estimate  that  a  bubble  cap  tower  with  12 
stages  would  be  adequate  to  effect  the  desired  separation.  Column  diameter 
was  estimated  to  be  3  meters.  This  system  is  illustrated  in  Figure  5-1. 

Assuming  operation  for  350  aays  per  ar  (§-  24  h/dav),  organics  would 
be  recovered  at  the  rate  of  about  1,535  hj/yr.  It  has  been  assumed  that 
this  product  can  be  recycled  or  sold  at  ;ost  to  offset  any  disposal  costs 
(disposal  costs  for  products  that  canno'.  be  recycled  vary  greatly  depending 
on  their  heat  value  and  toxicity;  the  principal  means  of  disposal  for  most 
volatile  wastes  is  incineration.) 

The  total  capital  cost  for  this  scenario  (including  dirc'.t,  indirect, 
and  contingency  costs)  was  estimated  to  be  about  $1, 278, 660  (January  1983 
dollars).  Discounting  the  rrpital  cost  at  10  percent  over  10  years  results 
in  a  total  annualized  cost  of  $4 ,026 ,000/yr.  The  unit  cost  is  estimated  to 
be  $0. 026/kg  of  waste  treated. 
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5 .  .1 . 4  Advantages  and  Disadvantages 


The  primary  advantages  associated  with  steam  stripping  are  the  follow- 

i  ng: 

SU-'m  stripping  is  well-established  on  a  commercial  scale,  thus 
there  are  few  uncertainties  regarding  its  performance. 

•  Steam  stripping  is  capable  of  recovering  (rather  than  destroying) 
volatile  species. 

A  steam  stripping  unit  is  capable  of  handling  a  variety  of 
volatile  constituents  in  liquid  waste  streams,  previdea  the 
liquids  are  relatively  insoluble  in  water. 

Techniques  for  designing  and  predicting  the  performance  ot  strippers  are 
well  established  in  the  chemical  engineering  ’iterature  (e.g.,  McCabe  and 
Smith  1976).  In  addition,  coi-nercial -scale  applications  such  as  tnose 
mentioneJ  previously  have  demonstrated  the  capability  of  steam  stripping 
for  recovering  vo^tile  constituents  fr->m  aqueous  streams. 

Hearn  stripping,  like  distillation,  is  also  capable  of  recovering 
volatiles  in  a  concentrated  form  without  chemice1  degradation  of  the 
species  involved.  This  ability  would  tend  to  make  steam  stripping  attrac¬ 
tive  in  cases  where  the  recovered  volatiles  might  he  recycled  or  sold. 

The  primary  disadvantage  of  steam  stripp;nq  is  its  tendency  to  bo 
energy-intensive  and  thus  expensive.  The  cost  associated  with  steam  is 
typically  much  larger  than  other  annual  costs  (including  capital  recovery). 

This  is  evidenced  by  the  costs  presented  above. 

5.1.5  Recommendations  for  Further  Study 

S team  stripping  is  a  proven  process  thr-t  is  capable  of  removing  volatile 
compounds  from  many  types  of  liquid  effluents  including  aqueous  process  or 
wastewater.  Sufficient  data  currently  exist  tor  the  design  of  steam  str.p- 
pers  for  many  applications  involving  the  recHimation  of  volatile  constituents. 

It  is  likely  that  with  wastewater  guidelines  becoming  more  stringent, 
steam  stripping  of  wastewater  will  become  more  widespread  (Berkowitz  et  al. 
1978).  Such  technology  is  well  developed  fir  cases  where  the  volatile 
constituent  is  appreciably  soluble  in  water.  Technology  fo~  removing 
wat.ei  -  immi  scible  organic  compounds  from  aquec  s  streams  via  steam  stripping 
is  nnt  well  developeo  however.  Corsequent ly ,  further  research  into  this 
area  may  be  warranted. 
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5.2  CHEMICAL  OXIDATION 


5.2.1  Introduction 

Chemical  oxidation  for  pretreatment  of  hazardous  wastes  involves  the 
addition  of  an  oxidizing  agent  to  the  waste  to  destroy  volatile  species  or 
to  convert  them  into  less  volatile  species  through  partial  oxidation.  The 
process  is  primarily  applicaDle  to  aqueous  organics,  (eg.,  phenols  or 
amines)  and  aqueous  inorganics  (e.g.,  sulfide  or  cyanide).  Previous  oxidizing 
agents  have  included  ozone,  hydrogen  peroxide,  potassium  permanganate,  and 
chlorine  and  its  derivatives  (souicm  hypochlorite  and  chlorine  dioxide). 

Air  and  oxygen  can  also  be  used  but  where  the  goal  is  pretreatmefit  to 
prevent  emissions  of  volatile  chemicals,  these  oxidants  are  not  likely  to 
be  adequate.  Volatile  chemicals  that  would  react  rapidly  and  completely 
with  air  are  unlikely  to  present  emissions  problems. 

5.2.2  State  of  the  Art 

5. 2. 2.1  General  Process  Description-- 

5. 2. 2. 1.1  Hydrogen  Pernxide--Hydroqen  peroxide  has  been  used  in 
numerous  cases  to  maintain  oxidizing  conditions  in  various  municipal  sewage 
treatment  operations.  Industrial  waste  applications  include  the  oxidation 
of  sulfide  to  sulfate  in  refinery  wastes  (Shepard  1577)  and  tannery  wastes 
(O'Neal  et  al.  1977).  Phenolic  waste  streams  from  pharmaceutical  manufactur¬ 
ing,  tin  plating,  and  paint  stripping  have  been  treated  with  hydrogen 
ceroxide  on  a  comnu  rcial  basis  (Sims  1981). 

Laboratory  and  bench-scaie  testing  has  confirmed  the  technical  feasi¬ 
bility  of  hydrogen  peroxide  treatment  of  wastes  containing  aldehydes, 
cyanide,  hvdroqui none ,  and  reduced  sulfur  compounds.  These  compounds  may 
be  present  in  waste  streams  from  electroplating,  timber,  textiles,  pigment, 
chemicals,  pulp  and  paper,  refining,  and  iron  and  steel  industries  (FMC 
Corp). 

Processing  equipment  is  conceptually  simple  as  shown  in  Figure  5-2. 
Hydrogen  peroxide,  available  as  bulk  liquid  in  either  50  or  70  percent 
weight  solutions  (in  water),  is  metered  into  the  waste  stream  and  given 
sufficient  reaction  time.  Residence  times  are  typically  on  the  order  of  30 
minutes.  In  some  cases,  the  rate  of  reaction  can  be  increased  by  adjusting 
pH. 
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Hydrogen  peroxide  treatment  takes  place  when  hydrogen  peroxide  contacts 
the  wastewater  either  in  a  separate  holding  tank  or  in  a  pipeline  connecting 
two  vessels.  If  emissions  from  a  holding  tank  require  control,  some  emission 
reductions  may  be  achieved  by  adding  hydrogen  peroxide  directly  to  the 
holding  tank. 

Although  most  applications  of  hydrogen  peroxide  addition  occur  in 
sewage  treatment  (including  aerobic  biological  treatment  of  industrial 
wastes),  the  process  is  used  in  specific  industrial  applications.  The 
technology  has  been  applied  on  a  regular'  basis  to  waste  treatment  systems, 
but  it  is  often  considered  a  hi.jn  operati nq/1  ow  capital  cost  solution  for 
intermittent,  emergency,  or  as  reeded  use.  A  flow  sheet  for  hydrogen 
p  =  ro*iriP  treatment  of  paint  stripping  effluent  is  given  in  Figure  5-2.  In 
this  case,  ferrous  ion  is  used  as  a  homogenous  oxidation  catalyst. 

The  advantage  of  hydrogen  peroxide  treatment  is  its  relatively  low 
capital  cost  and  land  requirement  In  addition,  it  creates  no  sludges  or 
concentrated  waste  streams  and  is  extremely  flexible  in  terms  of  "turn 
down"  tor  varying  flow  rates  or  concentrations.  Hydrogen  peroxide  addition 
rates  can  be  varied  depending  on  waste  stream  volume  and  composition. 
Disadvantages  include  high  operating  cost  due  to  the  cost  of  the  hydrogen 
peroxide  t approximately  $0. 60/lb  in  bulk),  potentially  hazardous  incomplete 
oxidation  products,  and  nonspecificity.  That  is,  materials  other  than  the 
hazardous  materials  may  present  a  hydrogen  peroxide  demand 

in  some  cases,  reaction  intermediates  may  be  toxic  or  less  amenable  to 
further  treatment.  these  intermediates  may  arise  from  the  oxidation  of 
compounds  in  ti.e  waste  stream  that  are  not  among  the  volatiles  which  the 
pretreatment  is  desigi.ed  to  eliminate.  In  addition,  the  relatively  expensive 
oxidant  may  be  used  to  partially  or  completely  oxidize  other  compounds 
present  in  the  wa.te  stream  in  preference  to  those  for  which  the  pretreatment 
is  des.gned.  This  will  have  the  effect  of  increasing  chemical  requirements. 

The  removed  component  is  ordinarily  :onverted  to  another  soluble 
material  anJ  remains  in  solution.  Reduced  sulfur  compounds  are  qenerally 
oxidized  to  sulfate.  Cyanide  is  oxidized  to  the  less  toxic  cyanate. 

Organics  are  progressively  oxidized,  phenol  for  example  is  reported  to  be 
converted  to  catechol  or  hydroqui none ,  which  are  then  further  oxidized, 
reaction  conditions  permitting  to  carboxyllic  acids  and  ultimately  to 
carbon  dioxide. 
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Laboratory  determinations  of  the  effectiveness  of  hydrogen  peroxide 
treatment  are  required  for  individual  waste  streams,  even  if  the  chemical 
of  interest  is  treatable  in  other  streams.  In  addition,  the  need  for 
catalysts,  pH  adjustment,  and  optimal  residence  time  must  be  determined  in 
the  laboratory. 

5. 2. 2.1.2  0zone--0zone  treatment  is  carried  out  chemically  in  the 
same  manner  as  hydrogen  peroxide  treatment,  i.e.,  the  oxidant  reacts  with 
organics  or  inorganic  components  in  a  waste  stream  to  either  partially  or 
totally  oxidize  them.  Depending  on  the  characteristics  of  the  waste  stream 
and  the  degree  of  pretreatment  required,  the  oxidant  may  be  added  to  the 
waste  in  a  holding  tank  and  allowed  to  react,  added  to  a  pipeline  upstream 
of  the  waste  receiving  tank,  or  if  emissions  from  a  storage  tank  are  to  be 
controlled,  it  can  be  added  to  the  storage  tank  as  necessary. 

Tor  this  process,  ozone  is  generated  on  site  by  the  user.  Ozone 
generation  equipment  is  made  by  a  number  of  manufacturers  (e.g.,  Crane, 

Eimco,  Emery,  and  Weisbach).  The  basic  process  for  generating  ozone  passes 
air  or  oxygen  through  a  high  voltage  arc.  Typical  operating  efficiency  is 
about  150  g  ozone  generated  per  kw-hr  (Weber  1972).  The  ozone  is  ordinarily 
bubbled  into  the  waste  stream  with  a  diffuser. 

The  principal  industrial  waste  application  for  ozone  treatment  is  the 

oxidation  of  cyanide.  Pilot  plant  studies  of  ozonation  of  blast  furnace 

wasttvater  which  contains  appreciable  amounts  of  cyanide  have  been  conducted 

by  Osantowski  et  al.  (1980).  Roth  and  Murphy  (1979)  reported  on  laboratory 

studies  of  ozone  treatment  of  TNT  manufacturing  wastewater,  in  the  presence 

of  ultraviolet  light.  Butkovic  et  al.  (1983)  have  reported  the  rapid 

destruction  of  polynuclear  aromatic  hydrocarbons  upon  contact  with  ozone  in 

water.  In  laboratory  experiments  they  found  half-lives  of  less  than  one 

-4 

second  for  benzo  (a)  pyrene  and  pyrene  in  the  presence  of  10  M  ozone. 

Recent  laboratory  studies  have  addressed  phenol  (Otake  et  al.  1979),  nitrilo- 
triacetate  (Ganes  et  al.  1980),  and  cyanide  (Zeevalkink  et  al.  1980)  destruc¬ 
tion  using  ozone. 

Ozone  is  generally  introduced  into  the  waste  stream  in  conjuction  with 
the  air  or  oxygen  stream  from  which  it  is  generated.  The  ozone  concentration 
from  the  generator  is  less  than  1  percent.  Thus,  a  substantial  volume  of 


air  is  bubbled  through  the  wastewater.  If  emissions  of  VOCs  from  the 
wastewater  are  significant  enough  to  require  pretreatment,  then  the  exhaust 
i.ir  stream  may  require  some  level  of  air  pollution  control.  The  advantages 
uf  ozone  treatment  include  rapid  reaction  rate  which  results  in  small 
reactors  and  low  space  requirements.  In  addition,  no  sludges  or  concentrated 
waste  streams  are  produced.  The  disadvantages  include  high  operating 
costs,  possible  oxidation  of  materials  other  than  the  intended  ones  in 
complex  streams.  For  very  complex  waste  streams  it  is  likely  that  ozone 
demand  presented  by  compounds  other  than  the  specific  compounds  responsible 
for  the  volatile  emissions  may  limit  the  application  of  this  technology. 

It  is  also  possible  that  ozonation  may  produce  partially  oxidized  reaction 
intermediates  that  may  be  more  toxic  or  more  refractory  to  downstream 
treatment  (although  possibly  less  volatile). 

In  the  past,  ozone  has  been  applied  in  the  treatment  of  industrial 
cyanide  and  phenol  wastes.  There  is  evidence  that  organics  including 
polynuclear  aromatic  commpounds  can  be  treated  by  this  method. 

For  specific  waste  streams,  the  uncertainties  of  ozone  pretreatment 
include  ozone  requirements,  the  extent  of  reaction,  and  possible  health  and 
environmental  effects  of  reaction  intermediates. 

5. 2. 2. 1.3  Potassium  Pe'rmanqanate--Potassi  urn  permanganate  can  be  added 
to  wastewater  in  solid  form  and  allowed  to  dissolve,  or  it  can  be  mixed  in 
aqueous  solution  and  metered  into  the  waste  stream  as  needed.  Necessary 
equipment  is  similar  to  that  required  for  hydrogen  peroxide  oxidation 
(i.e.,  pumps  and  holding  tanks).  As  potassium  permaganste  is  used  it  forms 
an  insoluble  residue,  manganese  dioxide,  that  must  be  •'emoved  by  filtration, 
prior  to  discharge  or  reuse.  This  additional  process  step  adds  to  the 
complexity  and  cost  of  the  process. 

Potassium  permanganate  is  rarely  used  for  industrial  waste  treatment 
although  it  is  frequently  used  in  potable  water  treatment  for  removal  of 
taste  and  odor.  In  laboratory  studies,  it  has  been  found  to  oxidize  phenol 
and  hydrogen  sulfide  (Weber  1972)  and  the  pesticides  diquat  and  paraquat 
(Gomaa  et  al.  1971).  Lenouette  (1977)  reported  that  potassium  permanganate 
treatment  was  feasible  for  low  concentrations  of  phenol  and  he  recommended 
an  oxidant  to  phenol  ratio  of  6  to  1. 
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Processing  schemes  for  potassium  permanganate  treatment  of  wastewater 
are  similar  to  those  of  hydrogen  peroxide  with  the  exception  of  an  additional 
filtration  steo  for  removal  of  insoluble  manganese  dioxide. 

The  disadvantages  of  this  process  are  the  high  chemical  cost  associated 
with  its  use  on  concentrated  streams,  incomplete  oxidation  of  the  specific 
compound  of  interest  in  a  complex  waste  stream,  possible  production  of  more 
toxic  (though  less  volatile)  reaction  intermediates,  and  the  requirements 
for  separation  and  disposal  of  sludges.  Advantages  are  low  capital  costs 
and  a  high  degree  of  flexibility  in  cases  of  fluctuating  flows  and  concentra¬ 
tions. 

The  potassium  permanganate  process  is  most  suitable  for  treatment  of 
dilute  waste  streams  with  relatively  low  permanganate  demand.  One  case 
where  potassium  permanganate  treatment  is  particularly  applicable  is  in  the 
joint  removal  of  phenol  and  soluble  lead.  Lead  ions  can  be  converted  to 
insoluble  lead  oxide  and  this  material  can  be  removed  in  the  filtration 
step. 

5.2.2. 1.4  Chlorine  and  Deri vati ves--Chlorine  and  sodium  or  calcium 
hypochlorite  are  wiaely  used  in  the  treatment  of  potable  water  and  sanitary 
wastewater.  For  industrial  waste  treatment,  the  primary  application  has 
been  the  oxidation  of  cyanide.  Chlorine  gas  is  dissolved  into  the  wastewater 
and  reacts  in  solution.  Sodium  and  calcium  hypochlorite  are  generally 
bought  in  solution  form  and  metered  into  the  wastewater.  These  chemicals 
can  be  added  to  the  wastewater  in  a  reaction  vessel  or  in  a  pipe  leading  to 
a  storage  vessel  (if  sufficient  reaction  time  is  permitted).  If  emission 
reduction  from  a  storage  vessel  is  the  goal  of  pretreatment,  chlorine  can 
be  added  directly  to  the  storage  vessel.  Oxidation  of  cyanide  is  carried 
out  in  alkaline  solutions,  and  sodium  hydroxide  is  generally  used  for 
initial  pH  adjustment.  When  chlorine  gas  is  used,  additional  sodium  hydrox¬ 
ide  is  required  to  maintain  alkaline  conditions. 

The  advantage  of  chlorine  or  hypochlorite  treatment  is  that  the  reaction 
is  fast  (for  cyar’de)  and  thus  requires  low  residence  times  (small  reactor 
volumes  and  low  land  requirements).  A  major  disadvantage  of  this  treatment 
is  the  probable  conversion  of  organics  in  the  waste  stream  to  hazardous 
chlorinated  compounds.  In  some  cases,  these  compounds  have,  high  ’oxicity 
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and  present,  taste  and  odor  problems  even  at  very  low  concentrations.  They 
may  also  be  resistant  to  Diological  oxidation.  In  addition,  chlorine 
storage  and  handling  present  certain  safety  problems  which,  although  easily 
managed  in  a  chemical  plant,  are  not  presented  by  the  other  oxidants. 

Chlorine  pretreatment  is  most  suitable  for  cyanide-  and  ammonia-contain¬ 
ing  wastewater  generated  in  the  manufacturing  and  processing  of  metals.  If 
the  pretreated  wastewater  is  subsequently  used  for  cooling  water,  the  chlorine 
residual  may  have  a  beneficial  effect  in  preventing  the  growth  of  microorgan¬ 
isms  on  heat  transfer  surfaces.  If  the  pretreated  wastewater  is  to  be 
ultimately  discharged,  the  chlorine  residual  may  require  removal--a  process 
typically  done  with  activated  carbon. 

The  oxidation  of  volatiles  using  chlorine  does  not  produce  concer^.rated 
waste  streams  or  sludges.  If  metal  ions  are  present  in  the  wastewater, 
these  may  iorm  insoluble  salts  under  alkaline  chlorination.  In  this  case, 
a  metal  sludge  will  be  formed  which  must  be  removed  by  filtration  or  settling. 
If  these  metals  are  to  be  ultimately  removed,  this  may  be  an  advantage. 

5. 2. 2. 2  Existing  Sites-- 

A  list  of  industrial  applications  of  chemical  oxidation  is  given  in 
Table  5-3. 

5. 2. 2. 3  General  Economics-- 

Osantowski  et  al.  (1980;  1981)  conducted  pilot-scale  studies  of  alka¬ 
line  chlorination  of  blast  furnace  wastewaters  and  coke  pTant  wastewaters 
for  removal  of  cyanide  and  ammonia.  Based  on  a  30-minute  contact  time, 
they  estimated  treatment  costs  of  between  $17  and  $20  (1981  $)  per  1,000 
gallons  of  coke  plant  wastewater.  Chemical  costs  were  typically  over  80 
percent  of  the  total  annualized  costs.  Based  on  a  20-minute  contact  time 
they  estimated  treatment  cost  of  $2.00  to  $3.00  (1980  $)  per  1,000  gallons 
of  blast  furnace  wastewater.  Chloride  gas  was  found  to  be  more  economical 
than  sodium  hypochlorite  for  this  application. 

5.2.3  Example  Case 

5. 2.  3.1  WET  Streams  Chosen-- 

Stream  01.02.04  "Spent  Electroless  nickel  plating  process  solution" 
has  been  chosen  as  an  example  of  ozone  treatment.  This  stream  contains 
6  mg/L  of  cyanide  and  is  produced  at  the  rate  of  30  kg/day. 
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TABLE  5-3.  APPLICATIONS  OF  CHEMICAL  OXIDATION 
Hydrogen  Peroxide 

Sanitary  sewers 

Municipal  wastewater  pumping  stations 
Municipal  wastewater  treatment  plants 
Refineries 
Tanner i es 

Pharmaceutical  manufacturing 
Tin  plating 
Pjint  stripping 


Ozo  ie 

Coke  plant  wastewater 
Iron  and  steel  wastewater 

Chi orine  and  Perivitives 

Blast  furnace  wastewater 
Coke  plant  wastewater 
Electroplating  wastewa'er 
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Stream  01.02.02  "Spent  cleaning  and  electroplating  process  solution" 
has  been  chosrn  as  an  example  of  chlorination.  This  stream  contains  75  mg/L 
of  cyanide  and  is  produced  at  a  rate  of  1^00  kg/day. 

5. 2. 3. 2  Process  Details-- 

Process  flow  sheets  for  the  two  examples  are  given  in  Figures  5-3 
and  5-4.  Mass  balances  for  these  examples  are  given  in  Tables  5-4  and 
5-5. 

Tne  main  uncertainties  in  these  examples  are  the  degree  of  excess 
reactant  that  must  be  added,  and  the  required  residence  time.  These  c.re 
influenced  by  the  composition  of  the  waste  stream,  i.e.,  by  the  presence  of 
materials  other  than  the  cyanide  which  is  the  hazardous  component  to  be 
treated. 

The  design  variables  include  dosage  of  oxidant  and  reactor  configuration 
as  well  as  choice  of  oxidants. 

5. 2. 3. 3  Economics-- 

The  vol umemetric  flow  rate  of  stream  01.02.02  is  very  low.  For  compar¬ 
ison  purposes  the  costs  of  treatment  of  a  stream  of  100  times  this  volume 
have  been  estimated,  based  on  the  data  of  Osantowski  (1981'.  Treatment  of 
a  waste  volume  of  120,000  kg/day  would  require  a  capital  investment  of 
$270,000  (1980)  with  annual  operating  costs  of  $220,000.  This  would  achieve 
99  percent  removal  of  cyanide  from  the  wastestream. 

5.2.4  Advantages  and  Disadvantages, 

The  advantages  of  chemical  oxidation  are  its  relatively  low  capital 
cost  and  high  flexibility.  Chemical  addition  rates  can  be  adjusted  to 
handle  surges  and  process  upsets.  During  low-flow  or  low-concentration 
operating  periods,  chemical  aaditions  can  be  cut  back.  Systems  can  be 
installed  quickly,  in  some  cases  by  moving  a  drum  of  oxidant  and  a  metering 
pump  to  an  existing  process  vessel. 

The  disadvantages  of  chemical  oxidation  are  the  relatively  high  operat¬ 
ing  cost  (chiefly  composed  of  chemical  costs)  and  the  potential  waste  of 
chemicals  in  oxidizing  of  components  other  than  the  hazardous  component  of 
interest.  In  many  cases,  an  oxidant  demand  must  be  satisfied  in  the  waste- 
water  before  oxidant  will  be  available  to  react  with  the  hazardous  material. 
The  possibility  of  forming  toxic  or  hazardous  intermediates  (particularly 
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Figure  5^3.  Process  flow  sheet  for  ozone  pretreatment  of  WET  stream  01.02.04. 


TABLE  5-4 

MASS  BALANCE  POR  OZONE  TREATMENT  OF 

STREAM  01.02.04 

IN: 

kq/Day 

Wastewater 

27.2 

Cyar.ide 

0.002 

Ai  r 

6.0 

OUT 


Treated  wastewater 

27.2 

Cyanide 

0.00002 

At  r 

6.0 

63 


z  «  p 

w  o  <y 

5*  2 


o 

CO 

<J> 


** 

* 

o 

c 

5 


is 

fc. 

3 

X 


64 


Figure  5-4.  Process  flow  sheet  for  chlorine  pretreatment  of  WET  stream  01.02.02. 


TABLE  5-5.  MASS  BALANCE  FOR  ALKALINE  CHLORINATION 
OF  STREAM  01.02.02 

(Spent  Cleaning  and  Electroplating  Process  Solutions) 


IN: 

kq/Day 

Wastewater 

1200 

Cyanide 

0.09 

Chlorine 

0.26 

Sodium  hydroxide 

0.28 

OUT: 

Wastewater 

1200 

Sodium  cyanate 

0.15 

Chlorine 

0.012 

Sodium  chloride 

0.41 
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when  chlorine  and  its  derivatives  are  used)  is  a  serious  concern.  The 
effect  of  partial  oxidation  of  the  hazardous  material  upon  further  process¬ 
ing  must  also  be  evaluated. 

5.2.5  Recommendations  for  Further  Study 

Individual  laboratory  testing  of  waste  streams  must  be  conducted  to 
optimize  oxidant  addition  rate,  temperature,  pH,  residence  time,  etc.  In 
adaition,  che  treated  effluent  must  be  analyzed  to  determine  the  presence 
or  absence  of  reaction  intermediates. 

5.3  ADSORPTION 

5.3.1  Introducti on 

Adsorotion  is  one  of  several  techniques  that  may  be  used  as  a  pretreat¬ 
ment  method  to  control  volat^e  emissions  from  hazardous  waste  streams. 

The  choice  of  adsorption  as  a  pretreatment  technique  and  the  design  of  the 
actual  adsorption  process  system  depend  upon,  among  other  factors,  the 
physical/chemical  characteristics,  quantity  treated,  and  variability  of  the 
hazardous  waste  stream.  This  section  examines  various  adsorption  process 
systems  that  may  be  used  for  hazardous  waste  pretreatment  and  the  types  of 
hazardous  waste  streams  for  which  these  systems  would  be  technically  feasible. 

The  adsorption  of  organic  compounds  from  both  liquid  and  gaseous 
phases  onto  activated  carbon  is  a  mature  process  technology  with  widespread 
use  as  an  integral  unit  operation  in  such  industrial  manufacturing  processes 
as  corn  syrup  and  pharmaceuticals  production,  and  sugar  refining;  industrial 
and  municipal  wastewater  treatment;  drinking  water  purification;  the  separa¬ 
tion  and  recovery  of  organic  compounds  from  vapor  streams;  and  pollution 
control  of  atmospheric  emissions.  Although  activated  carbon  has  been  and 
continues  to  be  the  dominant  adsorbent  used,  other  adsorbents  such  as  resin 
or  polymeric  materials  and  zeolite  molecular  sieves  have  found  increasing 
use  for  a  number  of  special  applications  in  recent  years. 

Since  the  selection  of  a  pretreatment  process  depends  on  the  nature  of 
the  hazardous  waste  stream,  a  number  of  different  process  configurations 
incorporating  adsorption  methods  may  be  devised  to  accommodate  a  broader 
spectrum  of  hazardous  waste  streams.  For  this  discussion,  adsorption 
processes  may  be  broadly  classified  into  two  groups:  liquia  phase  and  gas 
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phase  adsorption  processes.  Within  these  two  groups  there  are  several 
major  process  types  that  can  be  used  for  hazardous  waste  pretreatment  to 
control  volatile  emissions.  In  addition,  each  process  type  may  have  several 
design  variations  so  that  the  process  car,  be  tailored  to  specific  situations 
For  example,  different  types  of  contactors  (adsorbe~s)  and  adsorbent  regener 
ation  schemes  can  be  used  in  a  liquid  phase  carbon  adsorption  system. 

For  liquid  phase  adsorption,  activated  carbon  and  resin  systems  are 
the  two  basic  types  of  interest.  A  third  t}pe,  ion  exchange,  which  is  a 
special  type  of  sesin  adsorption  system  where  on’y  ionic  species  are  removed 
from  the  liquid  phase,  will  not  be  ccn- idered  here.  Aside  from  the  obvious 
difference  in  the  type  of  adsorbent  used,  the  major  distinction  between 
carbon  and  resin  adsorption  systems  is  the  type  of  aJsorbent  regeneration 
process  emplovcJ.  The  resin  adsorption  systems  rely  exclusively  on  solvent 
extract  ^n  or  washing  to  regenerate  the  adsorbent.  Fcr  carbor  adsorption 
systems,  several  regeneration  methods  are  possible.  Possible  methods  are: 
once  through  carbon  (no  regeneration),  tnermal  regeneration,  and  solvent 
extraction  or  washing.  In  the  carbon  adsorption  systems  thermal  regenera¬ 
tion  predominates. 

Gas  phase  adsorption  systems  (for  pretreatment  or  hazardous  wastes) 
include  processes  where  volatile  constituents  ere  separated  from  the  hazai d- 
ous  waste  stream  into  a  gaseous  stream  for  subsequent  removal  by  adsorption. 
These  nas  phase  pretreatmant  systems  serve  as  a  volatile  constituent  removal 
system  for  materials  removed  from  hazardous  waste  streams.  This  allows 
adsorption  to  be  used  on  slur-ies  and  sludges  that  cannot  be  treated  by 
liquid  phase  ad-orption.  The  phase  separation  processes  coupled  with  an 
adsorption  process  that  will  be  considered  here  include  air/steam  stripping 
and  evaporation.  For  these  gas  phase  systems,  activated  carbon  is  the 
predominant  adsorbent,  and  it  w'll,  therefore,  serve  as  the  ba'is  of  the 
discussion  here.  Other  adsorbents  such  as  resins  find  limited  use  in  gas 
phase  adsorption  because  they  are  l3ss  cost  effective  than  activated  carbon. 

5.3.2  Liqui d  Phase  Carbon  Adsorption 

5. 3. 2.1  State  of  the  Art-- 

Carbon  adsorption  is  a  mature  technology  who.'e  beginning  can  be  traced 
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back  more  than  3,500  years  to  the  use  of  bone  chars  for  their  medicinal 
properties.  Modern  adsorption  technology,  however,  began  in  the  late  19th 
century  when  the  decolorizing  and  gas  separation  properties  of  chars  were 
first  investigated.  These  investigations  led  to  the  introduction  of  commercial 
activated  carbons  in  the  early  part  of  the  20th  Century.  The  early  deve.  merit 
of  these  carbons  was  promoted  by  decolorizing  applications  in  the  sugar 
industry  and  by  the  neeo  to  develop  adsorbents  that  would  provide  pro¬ 
tection  against  poison  gases  used  in  World  War  I. 

The  intensive  effort  to  develop  carbon  filters  for  gas  masks  provided 
the  impetus  to  search  for  other  applications  of  carbon  adsorption.  The 
first  important  industrial  use  of  activated  carbons  occurred  in  sugar 
refining  to  decolorize  the  sugar  syrup.  Initially,  powdered  activated 
carbons  (PAC)  on  a  once-through-throw-away  basis  were  used.  Over  the  last 
20  years,  however,  the  increased  cost  of  activated  carbons  and  the  disposal 
of  spent  PAC,  which  is  difficult  to  regenerate,  has  prompted  a  shift  toward 
regenerable  granular  activated  carbons  (GAC)  in  sugar  refining  and  other 
industrial  processes  that  involve  decoloring  operations  such  as  uranium 
recovery  processing  in  phosphate  mining. 

Since  the  first  introduction  of  carbon  adsorption  in  a  municipal 
wastewater  treatment  facility  (at  South  Lake  Tahoe,  California  in  1965), 
this  treatment  method  has  been  widely  adopted  in  both  industrial  and  municipal 
waste.vater  facilities  throughout  the  United  States.  The  South  Lake  Tahoe 
facility  operated  continuously  over  15  years  with  onsite  regeneration  of 
the  GAC  in  a  multihearth  furnace.  Its  performance  has  verified  the  results 
of  bench-scale  reactivation  tests  (made  in  1963),  indicating  that  the  GAC 
could  be  maintained  at  or  near  full  adsorptive  capacity  by  means  c.f  thermal 
reactivation  until  the  carbon  was  eventually  replaced  due  to  losses  from 
attrition  and  burnoff.  The  plant  also  demonstrated  that  the  GAC  has  a 
service  life  of  at  least  12  reactivation  cycles  under  full-scale  plant 
operating  conditions. 

For  over  50  years,  PAC  has  been  used  to  control  the  taste  and  odor  in 
drinking  water  purification  facilities.  The  PAC  is  added  to  the  raw  water 
ahead  of  filter  beds;  quality  control  tests  determine  the  quantity  of  PAC 
required  to  eliminate  any  taste  and  odor.  Typical  PAC  dosages  ranged  5  to 
10  mg/L  for  most  drinking  water  supplies  with  up  to  50  mg/L  for  water 
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sources  having  high  levels  of  taste  and  odor.  The  PAC  which  is  removed 
frjm  the  water  in  the  filter  beds  is  disposed  of  as  a  solid  nonhazardous 
waste. 

In  the  1970's  concern  over  the  presence  of  trihalomethanes  (THM)  in 
drinking  water  led  to  the  introduction  of  GAC  systems  into  water  purifi¬ 
cation  facilities.  Trihalomethanes  are  typically  found  at  ppm  levels  and 
ore  the  result  of  water  chlorination  for  disinfection.  The  chlorine  reacts 
with  humic  acid  substances  normally  present  in  surface  water  supplies  to 
form  the  trihalomethanes.  To  demonstrate  the  technical  feasibility  and  to 
develop  capital  and  operating  cost  data,  E°A  provided  funding  for  the 
construction  and  operation  (for  a  limited  period j  of  GAC  demonstration 
plants  with  onsite  carbon  regeneration.  These  demonstration  water  treatment 
plants  at  Manchester,  New  Hampshire,  and  Cincinnati,  Ohio,  were  designed  to 
reduce  trihalomethanes  to  ppb  levels. 

In  addition  to  the  municipal  wastewater  and  drinking  water  facilities 
that  use  carbon  adsorption  treatment,  many  industrial  plants  emplov  carbon 
adsorption  methods  to  control  of  organic  emissions,  recover  organic  solvents, 
and  treat  wastewater.  Information  about  commercial  applications  of  GAC 
systems  is  presented  in  Section  5. 3. 2. 1.3. 

5. 3. 2. 1.1  Process  descrlption-- 

Principle  of  Ope, ation--Activated  carbon  (AC)  is  the  generic  name 
given  to  the  class  ^f  amorphous  carbons  that  have  been  specially  treated  to 
yield  a  microporous  structure  within  the  solid  particle.  These  internal 
micropores,  which  typically  range  from  10  to  ICO  Angstroms  in  radius, 
provide  the  large  surface  areas  of  500  to  1 , 5C0  m2/g  that  give  activated 
carbons  their  high  adsorptive  capacities.  Tne  distribution  of  this  internal 
surface  area  by  pore  size  is  a  major  foctor  affecting  the  carbon's  adsorptive 
characteristics.  For  example,  if  the  distribution  of  pore  sizes  is  skewed 
toward  the  larger  pore  sizes,  i.e.,  a  significant  fraction  of  the  surface 
area  is  associated  with  the  larger  pores,  the  caroon  has  an  enhanceu  capacity 
for  large  adsorbate  molecules.  This  type  of  AC  is  generally  referred  to  as 
a  "decolorizing"  carbon.  When  the  pore  size  distribution  is  skewed  toward 
the  smaller  pores,  the  carbon  has  an  enhanced  adsorptive  capacity  +cr  small 
molecules,  and  the  carbon  is  called  a  "gas  phase"  carbon. 


Although  most  of  the  carbon's  surface  is  nonpolar  in  nature,  the 
interaction  of  the  surface  with  oxygen  during  production  and  storage  does 
yield  active  sites  or  chemical  groups  that  do  give  the  surface  a  slightly 
polar  nature.  The  degree  of  surface  polarity  is  important  to  the  carbon's 
adsorptive  properties,  particularly  in  liquid  phase  adsorption.  The  gen¬ 
era1  ly  low  surface  polarity  of  carbon  accounts  for  its  preferential  adsorp¬ 
tion  of  nonpolar  species. 

In  principle,  activated  carbons  can  be  made  from  any  solid  or  highly 
viscous  ca  boneous  raw  material  including  both  natural  and  man-made  materi¬ 
als.  Commercial  activated  carbons,  however,  are  generally  made  from  coal, 
wood,  coconut  shells,  pulp  mill  residues,  petroleum  base  residues,  and  char 
from  sewage  sludge  pyrolysis.  The  microporous  amorphous  carbon  structure 
is  developed  through  carefully  controlled  treatment  processes  of  dehydration, 
devolatilization  (carbonization),  and  oxidation  (activation  or  burnoff). 

The  adsorption  of  molecules  on  activated  carbon  is  the  result  of 
interactions  between  the  molecular  forces  of  the  adsorbate  and  the  unbalanced 
surface  forces  of  the  carbon.  In  the  adsorption  of  organic  materials 
(e.g.,  volatile  constituents  of  was*e  streams),  the  predominant  interacting 
forces  are  dispersion  iorces.  Since  no  chemical  bonds  are  formed  in  dis- 
perrion  force  interactions,  this  r.ype  of  adsorption  between  the  adsorbate 
and  the  carbon  surface  is  termed  "physical"  adsorption  and  has  associated 
with  it  an  exothermic  heat  to  adsorption  that  is  of  the  order  of  magnitude 
of  the  adsorbate's  heat  of  vaporization.  This  physical  adsorption  is 
reversible  and  allows  the  regeneration  or  reactivation  of  the  carbon  surface. 

Although  physical  adsorption  is  the  dominant  mechanism  for  the  adsorp¬ 
tion  of  organics  on  activated  carbon,  a  small  fraction  of  adsorbate  molecules 
generally  form  chemical  bonds  with  reactive  groups  or  sites  on  the  carbon's 
surface.  This  type  of  adsorption,  which  is  called  "chemisorption,"  is  not 
revei siDle  since  the  adsorbate  cannot  be  removed  from  the  surface  that  was 
adsorbed  Chemisorption  occurs  primarily  on  virgin  activated  carbon  (new 
carbon  that  has  never  been  in  adsorption  service)  and  freshly  regenerated 
carbon  that  has  been  thermally  regenerated  at  temperatures  above  1400°  F  in 
a  steam/ox;,  gen  atmosphere. 

In  liquid  phase  adsorption,  if  c'equati  carbon-solution  contact  time 
is  provided,  an  equilibrium  is  established  in  which  the  rates  of  solute 
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adsorption  and  desorption  are  equal.  The  amount  of  solute  adsorbed  per 
unit  weight  of  carbon  increases  as  the  concentration  of  the  solute  in  the 
•-solution  increases.  For  a  particular  solution-carbon  system,  this  equilib¬ 
rium  is  set,  in  general,  by  two  types  of  interactions:  solute-adsorbent 
and  solute-solvent.  This  means  that  the  forces  favoring  dissolution  and 
the  forces  favoring  adsorption  are  competing;  thus,  any  change  in  the 
solution-carbon  system  that  decreases  the  solute-solvent  interaction  forces 
and  increases  the  solute-carbon  interaction  forces  will  shift  the  equilibrium 
toward  higher  adsorption  per  unit  weight  of  carbon. 

In  view  of  the  above  interactions  that  affect  liquid  phase  adsorption 
on  activated  carbon,  the  following  general  rules  should  guide  the  selection 
and  design  of  a  hazardous  waste  pretreatment  system: 

•  Higher  carDon  surface  areas  yield  higher  adsorption  capacity. 

Larger  micropore  sizes  yield  higher  adsorption  capacity  for 
large  molecules. 

•  Adsorptivity  increases  as  the  solubility  of  the  solute  in 
the  solvent  decreases;  therefore,  for  hydrocarbons,  adsorp¬ 
tion  increases  as  molecular  weight  increases. 

•  For  solutes  with  ionizable  groups,  maximum  adsorption  occurs 
at  the  pH  corresponding  to  the  minimum  ionization. 

•  Since  adsorption  is  a  exothermic  process,  adsorption  decreases 
vii  th  increasing  temperature.  In  liquid  phase  adsorption, 
however,  this  effect  is  generally  small. 

•  The  carbon's  adsorption  capacity  for  a  specific  solute 
depei  s  on  the  type  and  concentration  of  other  adsorbable 
solute  in  the  solution.  Higher  molecular  weigh*  hydrocar¬ 
bons  tend  to  displace  the  lower  molecular  weight  species  on 
the  carbon.  This  can  result  in  effluent  concentrations 
which  are  higher  than  influent  concentrations  for  the  lower 
molecular  weight  species. 

The  above  discussion  refers  exclusively  to  adsorption  capacity,  a 
thermodynamic  property,  and  it  does  not  account  for  adsorption  kinetics 
which  is  of  equal  importance  in  adsorption  system  design.  In  some  cases 
thermodynamic  and  kinetic  adsorption  factors  have  competing  effects  on 
system  performance,  and  appropriate  tradeoffs  must  be  made  in  process 
design.  For  example,  while  adsorption  capacity  increases  as  hydrocarbon 
molecu’ar  weight  increases,  the  rate  of  adsorption  decreases.  Similarly, 
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while  an  increase  in  temperature  decreases  adsorption  capacity,  it  may- 
depending  on  the  rate-controlling  mechanism  for  the  overall  process-- 
i nt  'ase  the  rate  of  solute  removal  from  solution. 

Another  factor  that  must  be  considered  in  liquid  phase  carbon  adsorp¬ 
tion  is  the  biological  activity  that  usually  occurs  in  the  carbon  bed  when 
(1)  the  concentration  of  adsorbed  species  is  high  enough  and  (2)  the  adsorb¬ 
ate  is  biodegradable  and  nontoxic  to  bacteria  that  may  be  present  in  the 
feed  stream.  If  biological  degradation  does  occur,  a  significant  increase 
in  the  capacity  of  the  carbon  bed  may  result.  Because  time  is  required  for 
the  Dacteria  to  become  acclimated  and  grow  to  a  significant  concentration, 
biological  activity  does  not  usually  become  important  until  after  many 
hours  of  operation.  But,  this  effect  can  be  substantial.  In  some  reported 
cases,  thr-  adsorptive  life  is  doubled. 

Basic  Process  Configurations--The  liquid  phase  activated  carbon  adsorp¬ 
tion  process  involves  two  basic  steps  as  shown  in  Figure  5-5.  In  Step  1 
(adsorption),  the  waste  stream  contacts  the  carbon  which  selectively  adsorbs 
the  hazardous  material(s)  and  allows  the  purified  stream  to  pass  through. 
Step  2  (disposition  of  contaminated  or  spent  carbon)  represents  a  number  of 
process  options.  When  the  carbon  reaches  its  maximum  capacity  or  when  the 
effluent  is  unacceptable  for  discharge,  i.e.,  when  breakthrough  of  the 
hazardous  material(s)  occurs,  the  carbon  is  removed  from  the  adsorber  for 
disposal,  destruction,  or  regeneration  as  established  by  the  option  selec¬ 
ted  under  Step  2.  In  seme  cases,  the  carbon  can  be  regenerated  in  such  a 
way  that  the  adsorbate(s)  is(are)  recovered. 

Under  Step  2  there  are  three  basic  options  available  for  handling  the 
spent  carbon  from  the  adsorber: 

1.  Direct  disposal  of  the  contaminated  carbon  in  a  landfill. 

In  this  case  pollution  of  water  and  air  can  occur. 

2.  Regeneration  of  the  carbon  with  destruction  of  the  hazardous 
waste.  In  this  case,  secondary  emissions  to  the  environment 
such  as  C02 ,  ash,  and  heat  must  be  handled.  The  regenerated 
carbon  is  recycled  to  the  adsorber. 

3.  Regeneration  of  the  carbon  with  reclamation  of  the  hazardous 
waste.  In  this  case,  some  secondary  waste  streams  may  have 
to  be  handled  in  reclaiming  the  hazardous  waste.  The  regen¬ 
erated  carbon  is  recycled  to  the  adsorber. 
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Figure  5-5.  Steps  in  carbon  adsorption. 
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Contacting  Processes-- In  the  adsorber  section  of  the  carbon  system, 
there  are  "‘our  basic  liquid-carbon  contacting  processes:  (1)  adsorbers  in 
parallel,  (2)  adsorbers  in  series,  (3)  moving  bed,  and  (4)  upf low-expanded 
bed.  The  choice  of  tie  contacting  process  depends  on  the  physical  charac¬ 
teristics  cf  the  waste  influent,  the  effluent  criteria,  throughput  require¬ 
ments,  and  economics.  Figure  5-6  illustrates  these  four  contacting  processes 
and  Table  5-6  lists  some  of  the  distinguishing  features  of  each  process. 

In  the  above  contacting  processes,  flow  rates  are  typically  in  the 
range  of  2  :o  10  gal/min/ft2  for  downflow  operation,  2  to  7  gal/min/ft2  for 
upflow  operation  without  bed  expansion,  and  around  15  gal/min/ft2  for 
upf low-expar ded  with  about  15  percent  bed  expansion.  Downflow  operation 
may  be  either  by  gravit*'  or  pressure;  the  former  is  clearly  less  expensive 
but  only  applicable  il  the  concentration  of  suspended  solids  in  the  influent 
is  low. 

Except  lor  the  mo'  ing  bed,  the  other  three  contacting  processes  are 
basically  batch-type  operations.  At  various  times  one  or  more  of  the 
adsorber  units  (adsorption  vessels)  is  out  of  service  while  the  carbon  is 
either  removed  (for  disposal  or  external  regeneration)  or  being  regenerated 
in  situ.  The  moving  bed  process,  which  provides  the  most  efficient  utiliza¬ 
tion  of  the  carbon,  is  a  semi -conti nuous  process. 

In  the  moving  bed  or  "pulsed"  bed  adsorber,  the  waste  stream  and  the 
carbon  are  contacted  countercurrently ;  the  liquid  flows  upward  through  the 
bed,  which  is  slightly  expanded,  and  the  carbon  moves  downward.  The  carbon 
movement  is  not  continuous  but  occurs  as  discrete  pulses.  This  downward 
movement  is  accomplished  by  momentarily  interrupting  the  waste  stream 
upward  flow,  opening  a  valve  at  the  bottom  of  the  column,  and  introducing  a 
premeasured  volume  of  slurried  carbon  at  the  top  of  the  column.  This  pulse 
of  fresh  carbon  displaces  an  equal  volume  of  spent  (contaminated  or  loaded) 
carbon  at  the  bottom  of  the  column.  The  spent  carbon  is  then  regenerated 
and  recycled  to  the  top  of  the  adsorber  column.  After  the  pulse  movement 
of  the  carbon  bed,  flow  of  the  waste  througn  the  adsorber  is  restored.  As 
a  result  of  this  countercurrent  flow  pattern,  the  liquid  phase  leaving  the 
top  cf  the  adsorber,  which  has  the  lowest  concentration  of  contaminants,  is 
contacted  with  carbon  having  the  least  amount  of  adsorbed  material  last, 
thereby  providing  the  maz'.mum  dr, vino  force  for  adsorc.ion.  Although  this 
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Figure  5-6.  Carbon  adsorber  configurations. 


TABLE  5-6.  CHARACTERIZATION  OF  CARBON  CONTACTING  METHODS  FOR 
HAZARDOUS  WASTE  TREATMENT 


Method 

Comments 

ADSORBERS  IN 

PARALLEL 

• 

For  high  volume  applications 

• 

Can  handle  higher  than  average 
suspended  solids  (~b5-70  ppm)  if 
downf 1 ow 

• 

Relatively  low  capital  costs 

• 

Effluents  from  several  columns 
blended,  therefore  less  suitable 
where  effluent  limitations  are 
low 

ADSORBERS  IN 

SERIES 

• 

Large  volume  systems 

• 

Countercurrent  carbon  use 

• 

Effluent  concentrations  relatively 

1  ow 

• 

Can  handle  higher  than  average  sus¬ 
pended  solids  (~65-70  ppm)  if 
downflow 

• 

Capital  costs  higher  than  for 
parallel  systems 

MOVING  BED 

• 

Countercurrent  carbon  use  (most 
efficient  use  of  carbon) 

• 

Suspended  solids  must  be  low 
(<  10  pom) 

• 

Best  for  smaller  volume  systems 

• 

Capital  and  operating  costs  relatively 
high 

• 

Can  use  such  beds  in  parallel  or 

series 

(continued) 
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TABLE  5-6  (continued) 


Method 

Comments 

UPFLOW-EXPANDED 

•  Countercurrent  carbon  use 
(if  in  series) 

•  Can  handle  high  suspended  solids 
(they  are  allowed  to  pass 
through) 

•  High  flows  in  bed  (~  15  gal/min/ 
ft2) 
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moving  bed  adsorber  design  is  the  most,  efficient  of  the  four  contacting 
processes,  it  is  also  the  most  complex  and  expensive  process. 

In  the  other  downflow  adsorbers,  waste  stream  flow  must  be  periodically 
interrupted  and  the  carbon  column  backwashed  with  water.  This  backwashing 
removes  suspended  solids  that  have  beer,  filtered  cut  of  the  liquid  by  the 
carbon  bed.  Downflow  contactors  have  oeen  designed  to  act  in  part  as 
filters  fo~  suspended  solids  and  they  require  frequent  backwashing  with  bed 
expansions  up  to  50  percent.  To  minimize  the  frequency  of  backwashing,  the 
suspended  solids  level  of  the  influent  should  be  less  than  50  ppm.  At  this 
concentration  the  typical  downflow  contactor  will  require  one  backwashing 
per  day.  Higher  suspended  solids  levels  of  2,000  ppm  and  above  can  be 
nandled  in  downflow  contactors,  but  at  a  cost  of  more  frequent  backwashing. 
Frequent  backwashing  reduces  overal  l  column  t  -oughput  rate  and  increases 
the  amount  )f  backwash  water  that  must  be  trea^  d.  This  backwash  water  is 
usually  treated  by  sedimentation. 

Carbon  Regeneration  Processes--When  the  carbon's  capacity  is  exhausted 
in  the  adsorber,  the  carbon  must  either  be  replaced  with  new  carbon  cr 
regenerated  (reactivated)  and  reused.  If  the  carbon  usage  rate  for  the 
particular  facility  is  la^ge,  typically  above  1,000  lb/day,  then  carbon 
regeneration  is  usually  economically  feasible.  This  regeneration  of  the 
carbon  is  accomplished  either  by  thermal  treatment  in  which  the  organic 
jdsorbate  is  destroyed  or  by  non-destructive  chemical  treatment.  Thermal 
regeneration  is  the  most  widely  used  of  these  methods.  Some  of  the  carbon 
regeneration  options  are  briefly  described  below. 

1.  Thermal  Regeneration:  In  this  method  the  spent  carbon  is  removed 
from  the  adsorber  and  regenerated  with  steam  in  high  temperature  processing 
equipment  such  as  a  multihearth  furnace,  a  rotary  kiln,  or  a  fluidized  bed 
furnace  at  temperatures  from  870°  C  to  S80°  C.  Typically  thermal  regntra- 
tion  requires  about  1-2  lb  steam/lb  carbon,  about  4,000-5,000  Btu  of  fuel/lb 
carbon,  and  a  furnace  residence  time  on  the  order  of  30  minutes.  With 
proper  control  of  the  regeneration  conditions  carbon  losses  from  the  burning 
away  of  the  carbon  itself  can  be  generally  held  within  4  to  9  percent. 

This  carbon  loss  is  made  up  with  virgin  carbon.  The  oiqanic  adsoroate  is 
vaporized  and  partially  burned  in  the  regenerating  furnace.  To  insure 
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complete  destruction  of  the  devolatilized  adsorbate,  the  furnace  effluent 
gas  is  passed  through  afterburners  followed  by  a  scrubber  to  remove  particulate 
and  noxious  combustion  products,  such  as  HC1  from  halogenated  organics.  An 
additional  2,000-4,000  Btu/lb  of  carbon  is  required  to  operate  the  after¬ 
burners. 

In  some  circumstances  thermal  regeneration  of  GAC  is  not  possible, 

e.Q.  , 

•  When  inorganic  salts  have  deposited  (or  may  deposit)  on  the 
carbon,  although  an  acid  prewashing  step  before  thermal 
regneration  may  mitigate  this  situation; 

•  When  the  carbon  contains  adsorbates  that  would  cause  air 
pollution  problems  upon  regeneration  (e.g.,  NO  ,  radioactive 
wastes,  etc. ) ; 

•  When  the  adsorbates  are  explosive  (e.g.,  TNT); 

•  When  the  loaded  carbon  is  excessively  corrosive. 

2.  Alkaline  Regeneration  for  Acid  Adsorbates:  In  some  waste  streams 
where  the  major  organic  component  is  acidic,  carbon  adsorption  may  be 
carried  out  under  acidic  conuitions  and  the  carbon  regenerated  under  basic 
conditions.  Dow  Chemical  Company  in  Midland,  Michigan  has  used  this  approach 
to  recover  phenol  and  acetic  acid  (Himmel stei n  et  al.  1974;  Fox  et  al. 

1973).  Snerwin  Williams  operates  a  large  plant  in  which  p-cresol  is  adsorbed 
from  a  stream  and  recovered  by  regenerating  the  carbon  with  a  10  percent 
NaOH  stream  (Minor  1974). 

3.  Acid  Regeneration  for  Basic  Adsorbates:  Similar  to  basic  regenera¬ 
tion,  certain  basic  adsorbates  that  are  adsorbed  under  basic  conditions  may 
be  recovered  by  washing  the  carbon  with  acid.  This  method  has  been  reported 
as  a  practical  means  of  recovering  ethylene  diamine  at  Dow  Chemical  Company 
(Berkowitz  et  al.  1978). 

4.  Solvent  Regeneration:  In  those  cases  where  the  adsorbate  easily 
dissolves  in  an  organic  solvent,  the  adsorbate  may  be  washed  off  the  carbon 
and  recovered  after  separation  from  the  solvent,  e.g.,  via  distillation. 
Pilot-scale  studies  have  shown  that  organics  adsorbed  from  coke  plant 
flushing  liquor  can  be  stripped  from  the  carbon  by  a  hot  benzene  wash 
(Loven  1974).  A  demonstration  unit  (150-175  gal/min)  in  which  acetic  acid 
is  removed  from  carbon  via  a  hot  ethanol  wash  and  recovered  as  ethyl  acetate 
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was  installed  at  the  Flambeau  Paper  Company,  Park  Falls,  Wisconsin  (Berkowitz 
et  al.  1978). 


5.  Ste.m  Regeneration:  If  the  adsorbate  is  highly  volatile,  carbon 
regeneration  and  adsorbate  recovery  may  be  accomplished  by  passing  steam 
through  the  carbon  bed  and  condensing  the  effluent.  This  method  is  commonly 
employed  where  carbon  is  used  for  gas-phase  adsorption. 

5 . 3 . 2 . 1 . 2  Process  operation- - 

Applicable  Feed  Streams--The  technical  suitability  of  a  waste  stream 
for  carbon  adsorption  pretreatment  depends  mainly  on  its  physical  form,  and 
the  type  and  relative  concentration  of  constituents.  However,  other  factors 
that  impact  treatment  economics  often  dictate  which  streams  are  actually 
feasib1e  for  carbon  treatment;  such  factors  include  the  required  degree  of 
solute  removal,  waste  throughput  rate,  and  carbon  utilization.  The  discus¬ 
sion  below  is  intended  to  provide  guidance  in  prescreening  waste  streams 
fo"  carbon  treatment.  The  actual  selection  should  be  based  on  laboratory 
adsorption  arid  regeneration  studies  with  the  actual  waste  stream. 

In  general,  carbon  adsorption  is  applicable  only  to  single-phase  fluid 
streams,  specifically,  liquid  solutions  and  gas  mixtures.  Although  both 
aqueous  and  nonaqueous  streams  may  be  treated  with  carbon,  waste  treatment 
applications  to  date  have  been  confined  to  aqueous  streams.  The  nonaqueous 
streams  that  have  been  treated  with  carbon,  primarily  for  color  removal, 
include  petroleum  fractions,  syrups,  animal  and  vegetable  oils,  and  pharma¬ 
ceutical  preparations. 

The  suspended  solids  level  in  the  waste  influent  to  the  carbon  contac¬ 
tors  (adsorbers)  generally  should  be  less  than  50  ppm  for  optimum  process 
operation.  At  that  level,  one  bed  backwash  a  day  is  often  sufficient  to 
remove  the  accumulated  solids  and  maintain  bed  pressure  drop  within  its 
design  range.  Although  suspended  solid  levels  up  to  2,000  ppm  may  be 
handled  in  downflow  contactors,  more  frequent  bed  backwashing  will  be 
required.  Waste  streams  containing  suspended  solid  levels  above  2,000  ppm 
may  still  be  treated  with  carbon,  if  stream  prefiltering  is  employed. 

The  amount  and  type  of  nonvolatile  organics  and  dissolved  inorganics 
must  also  be  considered.  Oil  and  grease  in  the  waste  stream  should  be  less 
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than  10  ppm  to  avoid  carbon  fouling.  High  levels  of  dissolved  inorganics 
may  cause  such  problems  as  scaling  (corrosion)  and  serious  loss  of  carbon 
activity  with  thermal  carbon  reactivation.  In  some  cases,  however,  these 
problems  may  be  mitigated  through  pH  control  and  softening  of  the  waste 
influent  or  by  acid  washing  the  carbon  before  reactivation. 

Technically,  a  high  concentration  of  solute(s)  in  the  waste  influent 
does  not  limit  carbon  adsorption  treatment;  however,  in  actual  practice  the 
most  concentrated  influent  to  be  treated  on  a  continuous  basis  Contained 
approximately  10,000  ppm  TOC.  Nevertheless,  historical  practices  do  not 
oreclude  that  higher  solute  concentrations  can  be  carbon  treated.  Because 
the  slopes  of  adsorption  isotherms  are  nearly  always  positive,  the  carbon 
loading  (weight  fraction  of  solute  on  the  carbon)  increases  as  the  influent 
solute  concentration  increases,  thereby  resulting  in  more  efficient  solute 
removal  and  carbon  utilization.  In  addition,  when  the  carbon  is  regenerated, 
the  higher  concentration  influents  may  require  less  frequent  regeneration. 
This  latter  benefit  is  particularly  enhanced  where  the  slope  of  the  adsorp¬ 
tion  isotherm  is  greater  than  1. 

The  quantity  (flow  rate)  of  the  waste  stream  does  not  affect  the 
technical  aspects  of  carbon  treatment,  but  it  does  have  a  major  impact  on 
treatment  economics.  Carbon  treatment  benefits  significantly  from  economies 
of  scale,  especially  where  thermal  reactivation  is  used.  If  carbon  usage 
is  less  than  500  kg/day,  tnen  the  economics  generally  favor  disposal  of  the 
spent  carbon.  At  carbon  usage  over  4,000  kg/day,  onsite  thermal  reactivation 
is  usually  feasible.  Where  carbon  rates  are  between  500  and  4,000  kg/da>  , 
offsite  reactivation  should  be  considered. 

The  identification  of  waste  streams  that  are  suitable  fcr  carbon 
treatment  is  more  difficult  when  multicomponent  solutes  are  present.  Some 
"secondary"  constituent  may  interfere  with  the  adsorption  of  the  solute(s) 
of  interest.  For  example,  long-chain  organic  soaps  were  found  to  cause 
poor  carbon  adsorption  performance  on  a  wastewater  stream  *rom  a  polyvinyl 
chloride  production  plant  (U.S.  EPA  1971).  Thus,  preliminary  laboratory 
studies  on  the  actual  waste  stream  are  essential  in  prescreening  candidate 
waste  streams  for  carbon  treatment. 
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In  summary,  the  following  characteristics  may  be  used  as  guidelines  to 
identify  wastes  streams  that  are  likely  candidates  for  carbon  treament: 

•  Aqueous  waste  streams  with  organic  solute  concentrations  that  are 
less  than  1% 

Waste  streams  where  the  aggregate  concentration  of  high  molecular 
weight  nonvolatile  organics  is  substantially  lower  than  the 
concentration  of  the  volatile  organics 

•  Waste  streams  where  suspended  solids  are  less  than  50  ppm  if  the 
stream  is  not  prefiltered,  and  less  than  2.5%  if  prefiltering  is 
used 

Waste  streams  where  oil  and  grease  concentrations  are  less  than 
10  ppm 

•  Waste  streams  where  the  concentration  of  dissolved  inorganics  is 
low  (less  than  100  ppm)  unless  waste  stream  preconditioning  and 
spent  carbon  washing  before  reactivation  operations  are  included. 

Process  Emissions  and  Wastes~~In  carbon  treatment  facilities  where 
thermal  carbon  regeneration  is  used,  no  serious  environmental  impacts  are 
encountered.  The  basic  output  streams  include:  (1)  the  treated  waste 
effluent  from  the  carbon  contactors;  (2)  reactivation  furnace  offgas,  which 
typically  has  been  through  afterburner  and  scrubber,  and,  in  some  cases,  a 
dust  filter;  (3)  scrubber  effluent  containing  fly  ash  and  possibly  some 
halogenated  or  sulfur  compounds  (e.g.  HC1  and  H2 SO ^ ) ;  (4)  suspended  solids 
from  pref' Iters  and  carbon  contactor  backwashing;  and,  in  a  few  cases 
(5)  exhausted  carbon  that  cannot  be  regenerated  to  its  prescribed  operating 
capacity. 

When  chemical  reactivation  is  used,  the  major  output  streams  are: 

(1)  the  treated  waste  effluent;  (2)  the  recovered  waste  solute(s);  (3)  the 
nonrecyclable  portion  of  tfe  reactivating  solution  or  solvent;  and  (4)  ex¬ 
hausted  carbon  that  hds  gradually  lost  its  adsorption  capacity.  Typically 
in  chemical  reactivation  operations,  the  entire  carbon  inventory  must'be 
replaced  periodically  with  fresh  carbon.  This  exhausted  carbon  may  be 
either  landfilled  or  burned. 

Removal  Ef f iciency-The  removal  efficiency  of  carbon  treatmfnt  can  be 
controlled  to  any  level  through  the  design  of  the  carbon  con*^clor.  Typical 
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carbon  treatment  efficiencies  are  better  t‘i?n  99  percent  with  influent 
concentrations  below  1,000  ppm.  At  highe  •  influent  concentrations,  removal 
efficiencies  can  exceed  99.99  percent  removal  to  yield  effluent  concentra¬ 
tions  at  several  ppm.  Of  course  as  with  most  alternative  treatment  proc¬ 
esses,  carbon  treatment  removal  efficiencies  must  be  traded  off  against 
capital  and  operating  costs  which  increase  dramatically  as  efficiencies 
approach  100  percent. 

State  of  Recovered  Volati les--When  thermal  carbon  reactivation  is  used 
in  the  carbon  treatment  system,  the  volatiles  are  destroyed  in  the  reactivat¬ 
ing  furnace  and  afterburner.  In  the  chemical  reactivation  systems  the 
volatiles  are  generally  recovered  in  concentrated  solution  containing  some 
of  the  reactivating  constituent. 

5. 3. 2. 1.3  Existing  sites--Table  5-7  gives  a  summary  of  industrial 
sources  using  GAC  systems.  Full-scale  activated  carbon  systems  treating 
organic  chemical  wastes  are  listed  in  Table  5-8,  and  industrial  installations 
using  GAC  systems  for  wastewater  treatment  are  listed  in  Table  5-9.  The 
tabulation  of  facilities  in  these  tables  only  represents  a  partial  listing 

of  systems  that  use  activated  carbon  in  liquid  phase  adsorption. 

5. 3. 2. 1.4  Process  economi cs--$evera1  variables  and/or  alternatives  in 
the  design  and  operation  of  a  carbon  treatment  system  can  have  a  major 
impact  on  the  economics  of  the  process.  These  factors  include: 

Type  of  carbon  (GAC  or  PAC) 

•  Flow  rate 

•  Contact  time 

•  Process  configuration  (series,  parallel,  or  moving  bed) 

Number  of  stages 

Flow  direction  (packed  or  expanded;  upflow  or  downflow) 

•  Flydraulic  force  (pumped  or  gravity) 

•  Method  of  reactivation  (thermal,  chemical,  or  none) 

•  Carbon  capacity. 
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lAUlf  W.  SUMMARY  OF  INDUSTRIAL  SOURCLS  USINC,  URAN'II  AR  AC1IVAHO  CARBON  SYS  I  f  MS 
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Monsanto  Industrial  Chemicals  Anniston,  AL  Intermediate  organic  Polyni trophenol 

chemica’s  (polyni trophenol ) 


IAIHI  S-H  tUlL-SCAIt  ACTIVATED  CARBON  SYSTEMS  TREATING  ORGANIC  CHEMICAL  WASTE 


E 

E 

o 


e  *-  ■ - »*— 

s  c  a.  3  o 

U  W  —  C 
«*-  —CO 

»/>  c  TJ  O 


X  — 

£  o 

o  * 


3 

c 


C  4-  C  X  X  — 

E  £  —  tt  u  O. 


3  E 


£  sP 
U  >S 


C  r>. 

O 


■-non 
— 1  i  *0  E 
»T3  —  X 

X  >*-  3  U 

4-  C  •  X 


l-  £  _  E 

C  X  c  T 

^  01 
1-  X 

x;  t  £  £ 

X  >  w">  cA 


C  X 
O  U 
U1  — 
--  > 


tr  — 
X  £ 

x-  a. 
—  u 
4-  o 
u  «/> 
</)  3 
£  < 


—  n 

O  3 

E  i 

O  £ 

u  4- 


4-  £  Q 

£3  0. 
— »  3 
—  O  O 
C  J  4-  £ 
O  O 
—  —  T3 
£  tj  3  x 

<TJ  U  X  C 


X  3 
>  £ 
"  X 


£  OJ 

U  £ 

•X  U  U  4- 


n  - 

>  E 

—  x 


o 

<3 


y> 


X 

X 

3 

WO 

CD 

c 

c 

X 

u 

U 

—  X 

*/> 

> 

O  2 

E 

o 

c 

3 

L/l 

O 

X 

E 

lp 

X 

X 

4- 

X  X 

c 

4. 

to 

O) 

3 

X 

£  £ 

X 

o 

— 

x 

X 

u 

4. 

4- 

3 

o  o 

£ 

c 

o 

/i  i/»  £ 

— 

X 

o 

O 

3 

O  4- 

O 

i/t 

4U 

w 

»— 

c 

tO 

t-  O 

o 

e— 

u 

O  O  X 

4. 

o 

X 

3 

3 

♦J  — 

4. 

c 

4. 

c  c  >, 

O 

c 

3 

o 

X 

X 

3 

—  £ 

O 

c 

O 

o 

xx  ■— 

X 

X 

Q 

X 

G 

3  U 

X 

l/T 

£  £  O 

c 

£ 

o 

o 

■  — 

O 

•f— 

O 

1  1 

£ 

£ 

X 

O  C.  G_ 

o 

O. 

t— 

o 

cu 

21 

I* 

-  ^ 

O 

cr 

X 

0-  *3 
—  a. 
3  3“ 
* 


X  - 

^  X 

✓>  o 


o 

3 

C 

ro 


O 

O 

o 


tTk 


c 

n 

X 

—i 

E 

■ — 

«-> 

X 

X 

</> 

O 

4. 

X 

c. 

o 

£ 

o 

3 

u 

o 

£ 

X 

X 

• 

CO 

U 

> 

L/i 

o 

wO 

£ 

<W 

3 

o 

X 

m 

20 

o 

o 

o 

o 

fSi 


o 

o 

o 

o 

o 

m 


o 

o 

o 

J-) 

CD 


O 

O 

O 

o 

lD 


o 

3 

O 

c\j 


X  «/> 


<S  S' 


3 

O 

3 

*T 

3 

U 


c 

3 

<£ 


—  < 

n 

u 

—  E 


£  3 

O  C 


3  5 
X  - 


< 


3 

O 


U  U4 


—  */» 

a  £ 

4.  w 

a  — 


o 


u 


u  z 

X 


3  -* 
u  — 
X  X 
C  v/> 
X 

O 


J  3) 


X 


v/» 

—  c/> 

x  2: 
u 

e  3 

X  4~ 
£  3 
O  £ 

i/i 

iP  X 

x  — 

3  £ 
U  X 
U  3 
X 


o 

O  — 1 

£  /I 

X  c 
1/  c 
c  < 

X 


IP 


X 

u 


X 


Cl  £  - 

O  t— >  >N 

•  3 

U  -  >>  X 

S3  3  ♦** 

— •  o  XU 

X  £  X 

•  *—  u  c 

X  £  XX 

—  U  c  £ 

3  0  XU 

O  £  £  WO 

£  U 

ac  c/i 


85 


Stephan  Chemical  Co.  Filtrasorb  300  15,000  Mixed  organics  associated  Thermal  On  stream  June  1972 

Eieldsboro,  NJ  with  liquid  detergent 

intermediates 


Reithhold  Chemicals  Filtrasorb  300  bOO.OOD  Phenols,  BOD,  COD  Thermal  Treats  concentrate'1 

Tuscaloosa,  At  waste  resulting  from 
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The  variety  of  possible  carbon  adsorption  systems  may  lead  to  unit 
costs  (e.g.,  dollars/1,000  gallons)  that  vary  over  two  orders  of  magnitude. 
Tlv's  report  does  not  attempt  to  cover  all  possible  system  designs  or  to 
discuss  the  economic  effects  of  all  design  variables.  The  reader  is  referred 
to  EPA  (1973)  and  Loven  and  Pieroni  (1969)  for  more  detailed  information  on 
carbon  treatment  economics. 

Since  thermal  reactivation  is  the  most  widely  used  method  of  carbon 
reactivation,  we  will  examine  briefly  the  major  variables  that  affect 
capital  and  operating  costs  for  this  type  of  system.  These  costs  are 
functions  primarily  of  two  variables: 

•  Carbon  reactivation  rate,  usually  expressed  as  pounds  of  carbon 
reactivated  per  volume  of  liouid  treated;  and 

Superficial  liquid  retention  time,  the  time  that  the  liquid  will 
take  to  fill  the  volume  of  the  carbon  bed.  This  is  a  function  of 
the  liquid  flow  rate  and  the  carbon  volume. 

These  two  primary  variables  are  related  for  a  specific  system  through 
an  "operating  line"--a  curve  that  is  convex  toward  the  liquid  retention 
time  axis  in  a  plot  of  liquid  retention  time  vs.  carbon  exhaustion  rate. 

This  operating  line  is  determined  in  laboratory  adsorption  isotherm  and 
columm  kinetics  studies 

The  position  of  this  operating  line  is  a  characteristic  of  the  particular 
waste  stream-carbon  system,  and  it  depends  on  (among  other  factors)  the 
effluent  quality  desired  and  the  system  configuration.  For  exarple,  if  a 
lower  concentration  effluent  is  required,  the  minimum  exhaustion  rate  and 
retention  time  (in  the  adsorber)  increase,  and  the  operating  line  moves 
further  from  the  origin.  The  choice  of  a  countercurrent  moving-bed  contactor 
results  in  an  operating  line  closer  to  the  origin  of  the  plot  compared  to  a 
single  fixed-bed  unit  which  makes  less  efficient  use  of  the  carbon.  Once 
this  operating  line  is  established,  the  optimum  or  least-cost  design  may  be 
..elected.  The  adsorption  and  reactivation  portions  of  the  system  are  then 
sized  from  this  optimum  retention  time-exhaustion  rate. 

The  total  capital  cost  of  the  system  is  essentially  set  by  the  volume 
of  the  carbon  beds  and  th*.  size  of  the  reactivation  furnace.  The  annua! 
operating  costs  are  determined  nainly  by  the  carDcn  exhaustion  rate  because 
this  factor  affects  the  utility  demand  (fuel,  steam,  and  electricity  use) 


and  the  amount  of  makeup  carbon  to  required  replaced  carbon  losses.  The 
carbon  losses  are  the  result  of  some  burning  away  of  the  carbon  during 
reactivation  and  the  mechanical  breakage  or  attrition  of  the  carbon  granules 
during  transporting  operations  between  the  process  units. 

“  Costs  for  thermally  reactivating  carbon  increase  rapidly  as  the  volume 
reactivated  falls  below  1,000  lb/day  and  at  some  point  reactivation  becomes 
more  expensive  than  carbon  replacement  in  a  throw-away  system.  For  high 
volume  systems  reactivating  more  than  1,000  lb  of  carbon  per  ray,  regenera¬ 
tion  costs  are  about  $0.10  to  $0. 15/lb  (Berkowitz  et  al.  1978)  and  do  not 
decrease  substantial ly  for  larger  systems.  In  adsorption  systems  treating 
wastes  at  concentration  above  1,000  ppm,  capital  costs  for  thermal  reactiva¬ 
tion  can  be  45  to  50  percent  of  the  total  capital  costs;  and  these  increase 
as  adsorbate  concentration  in  the  influent  increases. 

5. 3. 2. 2  Example  Case:  Carbon  Adsorption-- 

5.  3. 2. 2.1  WET  stream--The  WET  Model  hazardous  waste  streams  were 
examined  and  individual  streams  considered  to  be  candidates  for  liquid 
phase  carbon  adsorption  were  identified.  Waste  stream  02.02.14  was  selected 
as  an  example  to  show  a  typical  carbon  adsorption  system  design,  associated 
material  balances,  and  treatment  economics. 

This  stream  with  a  nominal  rate  of  426,000  kg/day  (17,750  kg/h)  contains 
benzene,  toluene,  and  phenol  at  concentrations  ranging  between  3,000  and 
5,000  ppm.  Althougn  these  concentrations  are  on  the  upper  range  of  the 
concentrations  currently  being  treated  in  commercial  practice,  GAC  has  been 
shown  to  be  effective  for  these  constituents  at  these  levels.  The  composition 
of  WET  stream  02.02.14  is  given  in  Table  5-10. 

5. 3. 2. 2. 2  Process  f 1 owsheet--The  process  flowsheet  for  carbon  adsorption 
pretreatment  of  the  above  waste  stream  is  shown  in  Figure  5-7.  The  process 
design  and  configuration  shown  includes  waste  stream  preconditioning, 
moving-bed  adsorption,  thermal  reactivation,  and  furnace  cffgas  cleaning 
units.  The  preconditioning  system  is  designed  to  remove  suspended  solids 
to  below  50  ppm  and  to  allow  pH  adjustment  of  the  waste  influent  for  maximum 
adsorption  efficiency  of  the  carbon. 
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TABLE  5-10.  COMPOSITION  OF  WET  STREAM  02.02.14 


Component 

Mass  fraction 

Flow  ra^e  kg/hr 

Benzene 

0.005 

88.8 

Pheno1 

0.003 

53.3 

o l uene 

0.004 

71.0 

Sol i ds 

0.01 

177.  5 

Water 

0.  98 

17,359. 5 

Total 

1.002 

17,750.  1 
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Stream  Components  (kg/h) 

Stream  Activated  Carbon  Methane 

Number  Toluene  Phenol  Benzene  Solids  Water  Carbon  Dioxide  Nitrogen  Oxygen  (fuel)  Ash  Total 
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Figure  5  7  (continued). 


Two  countercurrent  flow,  moving-bed  carbon  contactors,  which  provide 
the  most  efficient  utilization  of  the  carbon,  make  up  the  adsorption  system. 

The  reactivation  furnace  is  a  f 1 ui di zea-hed  type.  Although  historically, 
multihearth  furnaces  have  been  used  for  carbon  reactivation,  they  suffer 
from  mechanical  problems  and  hearth  failures.  Recently,  several  fluidized 
beds  have  been  installed  at  municipal  water  treatment  and  industrial  waste- 
water  treatment  facilities,  and  they  have  been  found  to  be  a  viable  alterna¬ 
tive  to  the  multihearth  furnace. 

The  material  balance  for  the  example  pretreatment  is  shown  in  the 
tabular  portion  of  Figure  5-7.  Although  the  material  balance  indicates 
essentially  100  percent  removal  of  the  three  organics,  in  actual  practice 
the  waste  effluent  frorT  the  carbon  contactors  (stream  No.  8)  may  contain 
tnese  constituents  at  concentrations  of  several  ppm. 

As  noted  above,  key  design  variables  for  carbon  adsorption  systems  are 
the  carbor,  retention  time  in  the  adsorber  and  tne  carbon  exhaustion  rate. 

In  addition,  for  the  thermal  reactivation  case,  control  of  the  furnace 
conditions  (residence  time,  temperature,  and  process  gas  composition)  are 
needed  to  minimize  carbon  burnoff  and  to  insure  adequate  restoration  of 
carbon  capacity. 

The  major  process  uncertainties  in  carbon  adsorption  are:  (1)  the 
equilibrium  capacity  of  the  carbon  for  the  three  organics  in  a  mul ti componen* 
aqueous  solution  of  this  particular  composition,  (2)  the  adsorber  residence 
(retention)  time,  and  (3)  the  carbon  reci rcrlation  rate.  For  the  case 
here,  we  assumed  a  carbon  loading  of  0.3  xg  adsorbate/kg  carbon  and  a 
minimum  adsorber  residence  time  of  30  luinutes.  Also,  to  size  the  reactiva¬ 
tion  furnace,  a  furnace  residence  time  or  30  minutes  was  assumed.  These 
assumptions  are  consistent  with  the  ranges  used  in  current  practice. 

5. 3. 2. 2. 3  Economics- -The  capital  ana  operating  costs  for  the  above 
example  case  were  based  on  24  h/day,  330  day/yr  operation,  an  adsorber 
design  capacity  of  200,000  gal/day  (126  percent  of  waste  stream  rate  including 
recycle  streams  to  the  adsorber),  and  reactivation  furnace  throughput  rate 
of  25.^00  kg  carbon/day.  Ihe  capital  costs  of  the  major  components  of  the 
carbon  treatment  system  including  support  equipment,  installation,  engineering, 
legal,  financing,  and  administrative  costs  are  presented  in  Table  5-11. 


TABLE  5-11.  CAPITAL  AND  OPERATING  COSTS  FOR  CARBON  ADSORPTION 
PRETREATMENT  WITH  THERMAL  REACTIVATION  OF  THE  CARBON  FOR 
WET  MODEL  STREAM  02.02.14 


Capital  Costs 


Influent  pump  station 

Carbon  adsorption  system  (2  pulsed  bed  contactors) 
Carbon  regeneration  system  (fluidized  bed  furnace) 
Carbon  inventory  (150,000  lb  @  $0. 85/lb) 

Construction  costs 

Total  Installed  Cost 

Annualized  Operating  Cost 

Operating  labor  (36,000  man-hours  @  $15/m-h) 
Maintenance  (5%  of  capital  cost) 

Electricity  (824,000  kWh  @  $0. 05/kWh) 

Steam  (13,680,000  lb  @  $4/1,000  lb) 

Fuel  (1,430,000  therms  (4  $0.  59/therm) 

Water  (20,800,000  gal  @  $0.40/1,000  gal) 

Carbon  makeup  (829,000  lb  @  $0. 85/lb) 

Taxes,  insurance,  administration  (4%  of  capital  cost) 
Capital  recovery  (16.3%;  10%  over  10  years) 

Total  Operating  Costs 

Product  Recovery  Credit 

Net  Operating  Costs 

Waste  treated  (kg/yr) 

Total  volatiles  removed  (kg/yr) 

Unit  treatment  cost  ($/kg  waste  treated) 

($/kg  volatiles  removed) 


21,000 

181,000 

1,925,000 

128,000 

925,000 

$3,180,000 


540,000 

159,000 

41,200 

54,700 

840,000 

8,300 

704,700 

127,200 

518,300 

$2,993,400 


0 

$2,993,400 

155,490,000 

1,865,880 

0.019  $/kg 
1.60  $/kg 


Construction  fee  (10%),  contingency  (15%),  engineering  (15%),  startup  (1%). 
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The  annual  operating  costs  for  the  system  are  also  included  in  Table 
5-11.  The  major  operating  costs  include:  labor,  electricity,  fuel  (natural 
gas),  maintenance  materials,  and  carbon  makeup. 

5  3.2.3  Advantages  and  Di sadvantages-- 

The  major  advantages  of  carbon  pretreatment  are: 

•  It  is  a  mature  technology  in  commercial  use  for  waste  treatment 
appl ications. 

Carbon  adsorption  can  handle  a  broad  range  of  organic  constituents 
and  concentrations. 

The  disadvantages  of  carbon  pretreatment  include: 

Carbon  adsorption  treatment,  especially  with  thermal  reactivation, 
is  a  complex  and  labor-intensive  operation. 

Carbon  adsorption  has  substantial  operating  costs. 

5. 3. 2. 4  lecommendations-- 

The  following  recommendations  are  offered  regarding  the  assessment  of 
^arbon  adsorption  for  pretreatment  of  hazardous  wastes: 

1.  Conduct  laboratory  isotherm  and  column  studies  on  actual  waste 
streams  to  determine  process  operating  lines  for  preliminary 
feasibility  and  cost  analysis. 

2.  Conduct  field  tests  on  existing  commercial  carbon  systems. 

5.3.3  Resin  Adsorption 

5. 3. 3.1  State  of  the  Art-- 

Resin  adsorption  is  a  treatment  process  that  is  very  similar  to  carbon 
adsorption,  and  much  of  the  discussion  in  Section  5.3.2  is  directly  applicable 
here.  Since  the  nature  of  the  resin  and  carbon  adsorption  processes  are 
similar,  the  two  processes  may  be  competitive  in  some  applications. 

0n°  significant  difference  between  resin  and  carbon  adsorption  is 
that  resins  are  always  chemically  regenerated  by  caustic  or  organic  solvents 
while  carbons,  because  the  adsorption  forces  are  stronger,  are  usually 
thermally  regenerated  thus  eliminating  the  possibility  of  material  recovery. 

On  the  otner  hand,  resins  generally  have  lower  adsorption  capacities  than 
carbons.  Also,  resins  are  more  solute  specific  than  are  carbon  adsorbers. 
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Although  resin  adsorption  involves  the  same  operating  principles  and 
to  a  substantial  extent  the  same  processing  scheme  and  equipment  (except 
for  regeneration),  resin  adsorption  is  not  as  mature  as  carbon  adsorption, 
and  it  is  not  in  widespread  commercial  use.  While  the  investigation  of 
synthetic  resins  dates  back  to  the  mid- 1940's,  the  technique  has  only  been 
in  commercial  use  in  the  last  decade.  The  use  of  resin  adsorbents  is 
increasing,  however,  as  their  capabilities  are  demonstrated  and  as  wider 
varieties  of  resins  are  manufactured  for  separation  purposes. 

5. 3. 3. 1.1  Process  description-- 

Principles  of  Operation--Resi n  adsorption  treatment  of  waste  streams 
involves  two  basic  process  steps:  (1)  contacting  the  liquid  waste  influent 
with  *he  resin  and  allowing  the  resin  to  adsorb  the  solute(s)  from  the 
solution;  and  (2)  subsequently  regenerating  the  resin  by  removing  the 
adsorbed  chemicals  with  a  wash  of  the  proper  solvent.  In  those  cases  where 
expensive  organic  solvents  are  used  for  resin  regeneration,  a  third  process 
step--sol vent  and  solute  recovery--is  used  to  allow  solvent  recycle. 
Typically,  distillation  is  used  in  this  third  step  to  separate  the  solvent 
and  adsorbate. 

The  chemical  nature  of  commercially  available  resins  can  vary  widely; 
it  can  also  be  more  readily  controlled  than  activated  carbon.  Perhaps  the 
most  important  variable  in  this  respect  is  the  degree  of  hydrophi 1 i ci ty. 

The  adsorption  of  a  nonpolar  molecule  onto  a  hydrophobic  resin  such  as  a 
styrene-di vinylbenzene-based  resin  results  primarily  from  van  der  Waal's 
forces.  In  other  cases,  different  interactions  such  as  dipcle-dipole 
interaction  and  hydrogen  bonding  may  dominate.  In  a  few  cases,  an  ion 
exchange  mechanism  may  be  involved.  The  adsorption  of  alkylbenzene  sulfonate 
from  an  aqueous  solution  on  weakly  basic  resins  as  phenol-formaldehyde-amine 
based  resin  is  an  example  of  this  latter  interaction. 

Although  the  degree  of  resin  adsorption  of  a  particular  solute  cannot 
be  predicted  with  any  degree  of  certainty,  in  general,  hydrophobic  nonpolar 
molecules  or  molecules  possessing  nonpolar  portions  are  attracted  to  hydro- 
phobic  surfaces  and  hydrophilic  polar  molecules  are  attracted  to  hydrophilic 
surfaces. 
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Basic  Process  Conf iquration--Resin  adsorbents  are  used  in  mi  * h  the 
same  way  as  carbon  and  in  some  situations  compete  directly  with  carbon.  A 
typical  resin  adsorption  system  for  treating  low-volume  waste  streams 
consists  of  two  fixed  beds  of  resin.  One  bed  is  on-stream  adsorbing  solute(s) 
from  the  waste  stream  while  the  other  is  off-stream  undergoing  regeneration. 

In  situations  wnere  the  adsorption  time  is  much  longer  than  the  regeneration 
time,  one  adsorbent  column  and  a  hold-up  storage  tank  could  suffice. 
Large-volume  waste  streams  may  include  multiple  columns  and  a  solvent-solute 
seDaration  system  for  recovery  of  the  solute(s)  and  recycle  of  the  solvent. 

The  adsorption  bed  is  usually  fed  downflow  at  flow  rates  in  the  range 
of  0.25  to  2  gal/min  per  cubic  foot  of  resin  which  is  the  equivalent  of  2 
to  16  bed  volumes/h.  At  these  flow  rates,  the  resin  contact  time  is  in  the 
range  of  3  to  30  minutes  and  the  linear  flow  rates  in  the  range  of  1  to 
10  gal/min/ft2.  Adsorption  is  stopped  when  the  bed  is  fully  loaded  (i.e., 
effluent  concentration  equals  influent  concentration)  or  when  the  effluent 
concentration  reaches  a  prescribed  level. 

Regeneration  of  the  resin  bed  is  performed  in  situ  with  basic,  acidic, 
and  salt  solutions  or  regenerable  nonaqueous  solvents  most  commonly  used. 

Basic  solutions  may  be  used  to  remove  weakly  acidic  solutes  and  acidic 
solutions  to  remove  weakly  basic  solutes;  hot  water  and  steam  can  be  used 
to  remove  volatile  solutes;  and  methanol  and  acetone  are  often  used  to 
rpmove  nonionic  organic  solutes.  In  some  cases  a  prerinse  and/or  postrinse 
is  required.  As  a  rule,  about  three  bed  volumes  of  regenerant  are  required 
for  resin  regeneration  although  as  little  as  one-and-a-hal f  bed  volumes  may 
be  sufficient  in  certain  instances. 

Solvent  regeneration  with  solute  recovery  is  generally  part  of  the 
treatment  system  unless  (1)  the  Sjlute-laden  solvent  can  be  used  directly 
as  a  feed  stream  at  some  point  in  the  industrial  process,  or  (2)  the  cost 
of  the  solvent  is  low  enough  that  it  may  be  disposed  after  a  single  use. 
Solvent  lecovery,  usually  by  distillation,  is  the  most  common  method  when 
organic  solvents  are  used.  Distillation  allows  recovery  of  the  solute  for 
sale  if  it  is  dc'ired. 
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5 . 3 . 3 . 1 . 2  Process  operation- - 


Applicable  Feed  Stream--Like  carbon  adsorption  systems,  the  feed 
stream  to  a  resin  adsorption  system  must  be  a  single  liquid  phase.  In  most 
cases,  this  stream  is  an  aqueous  solution;  but  there  is  no  technical  reason 
to  preclude  a  nonaqueous  stream  provided  it  does  not  chemically  or  physically 
harm  the  resin.  The  following  guidelines  should  be  considered  when  selecting 
a  waste  for  resin  adsorption  treatment: 

•  Suspended  solids  should  be  less  than  SO  ppm  and  may,  in  some 
cases,  have  to  be  below  10  ppm  to  prevent  bed  clogging.  Prefilter¬ 
ing  the  waste  stream  is  a  possible  option  to  allow  treatment  of 
streams  with  higher  suspended  solids. 

•  Resin  adsorption  is  generally  pH  dependent  and  therefore  requires 
pH  control  of  the  waste  stream.  Some  resins  have  operated  success¬ 
fully  at  pH's  as  low  as  1  to  2  and  as  high  as  11  to  12. 

•  Temperature  is  an  important  variable  in  resin  adsorption;  low 
temperatures  generally  favor  adsorption  and  high  temperatures 
favor  regeneration.  The  operating  temperature  range  for  resin 
adsorption,  is  more  limited  than  that  for  carbon  adsorption. 
However,  resins  have  been  used  in  applications  where  the  influent 
temperature  was  as  high  as  80°  C. 

•  High  levels  of  dissolved  solids,  particularly  inorganic  salts,  do 
not  interfere  with  resin  adsorption  of  organic  solutes.  In  fact, 
some  resin  applications  suggest  that  the  organic  solutes  are  more 
easily  removed  from  solutions  with  high  concentrations  of  dissolved 
salts  than  from  salt-free  solutions.  But,  in  some  high  salt 
solutions,  prerinse  of  the  resin  adsorbent  is  necessary  before  it 
is  regenerated 

•  Technically,  the  concentration  of  organic  solute(s)  that  can  be 
treated  by  resin  adsorption  is  not  bounded.  Phenol  concentrations 
as  high  as  8  percent  (weight)  have  been  successfully  handled. 
Similarly  low  concentrations  have  been  treated  as  well.  But,  as 
with  carbon,  resin  adsorption  is  generally  more  efficient  at 
higher  concentrations. 

•  Chemicals  such  as  strong  oxidants  that  would  chemically  attack 
the  resin  must  be  kept  out  of  the  influent  streams. 

Process  Emissions  and  Wastes-~0utput  streams  from  resin  adsorption 
systems  vary  from  system  to  system;  but  basically  they  include  a  treated 
effluent  stream,  washing  effluent  streams,  and  a  regenerant  effluent  stream. 
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1  he  treated  waste  effluent  stream  will  contain  those  materials  not  adsorbed 
by  the  resin  and  possibly  some  very  low  concentrations  of  the  adsorbed 
solutes,  depending  on  the  removal  efficiency  of  the  system  under  the  operat¬ 
ing  conditions. 

Prerinse  and/or  postrinse  of  the  resin  bed  with  water  is  often  required 
and  v'ill  yield  an  aqueous  effluent  containing  organic  and/or  inorganic 
soljtes  depending  on  the  system  and  application.  Treatment  of  these  wash 
effluents  is  generally  required  either  for  pollutant  removal  before  discharge 
or  for  so1 vent  recovery. 

Each  bed  regeneration  will  produce  approximately  three  bed  volumes  of 
solute-laden  regenerant  effluent.  This  effluent  may: 

be  further  treated  for  both  solvent  and  solute  recovery,  in  which 
case  no  significant  effluents  are  generated  for  disposal 

be  treated  only  for  solvent  recovery,  e.g.,  by  distillation,  in 
which  case  a  concentrated  effluent  is  produced  for  disposal 

•  be  directly  disposed  of  after  anv  necessary  treatment,  e.g., 
caustic  regeneration  with  2-4  percent  NaOH  may  be  treated  by 
evaooration  followed  by  incineration. 

Pemoval  Efficiency-Like  carbon  adsorption  systems,  resin  adsorption 
systems  can  be  designed  and  operated  to  achieve  virtually  any  degree  of 
removal  efficiency.  This  flexibi 1  ty  is  essentially  achieved  by  controlling 
influent  flow  rate,  resin  contact  time,  influent  oH,  and  frequency  of 
regeneration.  The  capital  and  operating  costs,  however,  increase  dramat¬ 
ically  as  the  desired  removal  efficiency  approaches  100  percent.  Typically, 
commercial  resin  adsorption  systems  operate  with  removal  efficiencies  well 
over  99  percent.  For  example,  a  resi n- treated  waste  effluent  with  phenol 
concentrations  below  10  ppm  has  been  produced  from  an  influent  containing 
5%  phenol,  a  removal  efficiency  of  better  than  99.98  percent  (Berkowitz 
et  al.  1973).  Similarly,  influents  containing  solutes  at  several  ppm 
levels  have  been  treated  to  yield  an  effluent  with  residual  solute  concen¬ 
trations  at  the  ppb  level. 

State  of  Recovered  Vol ati 1 es--Resi n  adsorption's  major  ao.antage  over 
carbon  adsorption  is  its  greater  ability  to  recover  solute(s)  from  the 
wast«_  influent.  In  fact,  when  solute  recovery  is  not  the  objective,  usually 
carbon  adsorption  sysrt-ms  are  used.  Distillation  is  most  frequently  used 
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to  recover  the  solute(s)  in  a  resin  treatment  system;  in  this  case,  the 
volatile  organics  may  be  recovered  at  a  purity  suitable  for  resale. 

5. 3. 3. 1.3  Existing  sites--There  is  little  publicly  available  informa¬ 
tion  on  current  or  proposed  industrial  applications  of  resin  adsorption 
systems.  Two  large  systems  have  been  in  operation  in  Sweden  (Anderson 

et  al.  1973;  Anderson  et  al.  1974)  and  in  Japan  to  remove  co'or  pollutants 
(lignin  derivatives)  from  paper  mill  bleach  plant  effluents.  Some  opera¬ 
tional  resin  adsorption  units  in  are  used  to  remove  color  in  water  supply 
systems;  others  are  used  to  deodorize  sugar,  glycerol,  wine*,  milk  whey, 
pharmaceuticals  and  similar  products. 

An  Indiana  plant  installed  a  resin  system  in  1975  to  recover  phenol 
from  a  waste  stream  and  a  ccal  liquefaction  plant  in  West  Virginia  installed 
a  resin  adsorption  system  to  remove  phenol  and  high  molecular  weight  poly¬ 
cyclic  nydrocarbons  from  a  10  gal/min  waste  stream  (Berkowitz  et  al.  1978). 

5. 3. 3. 1.4  Process  econortiics--The  process  economics  of  resin  adsorption 
as  well  as  the  major  design  and  operating  variables  that  affect  process 
economics  are  essentially  the  same  as  those  for  carbon  adsorption.  The 
reader  is  referred  to  Section  5. 3. 2. 1.4  for  further  details. 

The  major  difference  between  capital  costs  for  a  resin  and  carbon 
adsorption  system  is  the  difference  in  the  cost  of  t lie  adsorbent  and  the 
amount  of  adsorbent  required  to  remove  the  same  quantity  of  solute.  Resin 
adsorbents  are  substantially  more  expensive  than  activated  carbon  adsorbents 
and  generally  have  a  lower  capacity;  therefore,  the  cost  of  the  adsorbent 
is  a  ^rger  percentage  of  the  capital  costs  in  a  resin  system. 

Eecause  resin  adsorption  systems  are  typically  used  where  solute 
recovery  is  an  objective,  these  systems  can  generally  offset  a  significant 
portion  of  their  operating  cost  by  the  sale  of  the  recovered  product. 

5. 3. 3. 2  Example  Case:  Resin  Adsorption-- 

5. 3. 3. 2.1  WET  stream--The  WET  Model  hazardous  waste  streams  were 
examined  to  determine  those  streams  that  appear  suitable  for  resin  adsorption 
treatment.  Waste  stream  02.02.16  was  selected  for  this  example  case. 
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This  particular  stream  is  characteristic  of  decanter  wastes  from 
phenol  production  by  cumene  hydroperoxide  cleavage.  Specifically,  this  'is 
an  aqueous  stream  with  a  nominal  flow  rate  of  350,000  kg/da>  (14,580  kg/h) 
and  contains  approximately  0.02  kg  phenol/kg  solution  ana  1  percent  suspended 
sol  ids. 

5. 3. 3. 2. 2  Process  f 1 owsheet--The  resin  adsorption  system,  shown  in 
Figure  5-8,  includes  solvent  reactivation  of  the  spent  resin,  recovery/recycle 
of  the  solvent,  and  recovery  of  the  organic  waste  by  distillation.  The 
fixed-bed  resin  contactors  are  designed  to  operate  cyclically  between 
adsorption  and  reactivation  (desorption)  modes  and  to  produce  an  effluent 
containing  less  than  10  ppm  phenol.  At  any  given  time,  half  of  the  contactors, 
which  are  sized  for  12-hour  operating  cycles,  are  being  reactivated  in  situ 
by  solvent  (acetone)  washing,  followed  by  a  wat2r  rinse  prior  to  returning 
the  contactors  to  the  adsorption  operating  mode.  Three  distillation  columns 
are  used  to  recover  the  solvent  (acetone)  for  reuse  and  to  recover  the 
waste  (phenol).  In  addition,  to  optimize  distillation  operation^  for 
variable  phenol  concentrations  in  the  waste  influent,  a  flow-controlled 
stream  containing  phenol  from  the  resin  regeneration  system  is  recycled  to 
the  on-stream  resin  adsorbers  The  flow  rate  of  this  stream  may  be  adjusted 
according  to  the  phenol  concentration  in  the  waste  influent  to  provide  a 
more  constant  resin  loading. 

The  material  balance  for  the  example  process  is  also  included  in 
Figure  5-8.  With  che  internal  ohenol  recycle  streams  from  the  resin  regene¬ 
ration  operation  to  the  on-stream  adsorbers,  the  actual  flow  rate  to  the 
resin  adsorbers  is  higher  than  the  waste  influc-nt  rate. 

Like  the  carbon  adsorption  systems  discussed  earlier,  the  key  design 
variables  for  resin  adsorption  systems  are  the  resin  retentio1  time  in  the 
adsorber  and  the  resin  exhaustion  rate.  High  retention  times  increase  the 
size  of  the  adsorber  and  high  exhaustion  rates  increase  the  frequency  of 
resin  regeneration. 

The  major  process  uncertainties  are:  (1)  equilibrium  capacity  of  the 
resiri  in  the  presence  of  any  otner  unidentified  organics  in  the  waste 
stream,  (2)  the  adsorber  residence  (retention)  Lime,  and  (3)  the  residual 
resin  adsorption  capacity  (working  capacity)  after  regeneration. 


fn  Hn/anlotjs  Waste  Tteahncnt/Di'posal 
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Figure  5-8.  Process  flow  sheet  for  .esin  adsorption  pretreatment  to  remove  volatile  constituents  from  hazardous  waste. 
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Figure  5  8  (continued). 


5. 3. 3. 2. 3  Fconomics--The  estimated  capital  and  operating  costs  for 
the  above  example  case  are  shown  in  Table  5-12.  These  costs  are  based  on 
24  h/day,  355  day/yr  operation.  On  this  basis,  the  resin  adsorption  system 
would  recover  approximately  2,558,000  kg  phenol/yr.  The  amount  of  waste 
treated  would  be  127,750,000  kg/yr. 

The  total  capital  cost  is  estimated  to  be  $3,214,800  (January  1983 
dollars).  Discounting  the  capital  costs  at  10  percent  over  10  years  results 
in  a  total  annualized  cost  of  $l,348,lG0/yr.  If  the  recovered  phenol  is 
sold  at  $0. 22/kg,  a  credit  against  operation  costs  of  $5b2,700/yr  may  be 
realized.  Based  on  net  annualized  costs,  the  unit  treatment  cost  would  be 
$0.00615/ug  waste  treated  or  $0. 031/kg  phenol  removed. 


5.  3.  3.  3  Advantages  and  Di sadvantages-- 

The  major  advantages  of  resin  pretreatment  are: 

It  is  an  established  technology  in  commercial  use  for  waste 
treatment  applications. 

Resins  may  be  more  selective  and  specific  to  particular  solutes 
than  carbon. 

Greater  control  cf  the  resin  adsorbent's  chemical/physical  proper 
ties  is  possible  compared  to  carbon  adsorbents. 

The  major  di sadvantages  are: 

•  Resin  adsorbents  are  substantially  more  expensive  than  carbons. 

Resins  generally  have  lower  adsorption  capacities  than  carbons. 

Often  the  entire  resin  inventory  becomes  exhausted,  i.e.,  it 
cannot  be  adequately  regenerated,  3nd  must  be  replaced  with  fresn 
res  in. 


5.  3.  3.  4  Recommendat  ior.s-- 

The  following  recommendations  regarding  the  assessment  of  resin  adsorp 
tion  for  pret.~°atment  cf  hazardous  wastes  are  offered. 

Conduct  laboratory  isotnerm  and  column  studies  on  actual  waste 
streams  to  determine  process  operating  lines  for  preliminary 
feasibility  and  cost  analysis. 

•  Conduct  fipld  tests  on  existing  commercial  resin  adsorption 
systems. 

•  Compile  a  data  base  on  new  resins  that  are  becoming  available. 


TABLE  5-12.  CAPITAL  AND  OPERATING  COSTS  FOR  RESIN  ADSORPTION 
PRETREATMENT  WITH  SOLVENT  AND  WASTE  RECOVERY  FOR 
WET  MODEL  STREAM  02.02. 16 


Capital  Costs 

Resin  adsorption  columns  (4  required) 

Solvent  recovery  system 

Resin  inventory  (7,200  ft"  @  $200/ft3) 

Construction  cost 

Total  capital  costs 

Annualized  Operating  Costs 

Operating  labor  (8,400  man-hours  @  $15/m-h) 

Maintenance  (5%  of  capital  cost) 

Electricity  (246,000  kWh  @  $0. 05/kWh) 

Steam  (69,00u,000  lb  @  $4/1,000  lo) 

Cooling  water  (1,980,000,000  gal  @  $0.03/1,000  gal) 

Make-up  water  (20,000,000  gal  @  $0.4/1,000  gal) 

Resin  replacement  (200  ft3  @  $200/ft3) 

Solvent  (87,100  lb  @  $0. 15/lb) 

Taxes,  insurance,  administration  (4%  of  capital  cost) 

Capital  recovery  (16.3%;  10%  over  10  years) 

Total  Operating  Costs 

Product  Recovery  Credit  (5,627,000  lb  @  $0. 10/lb) 

Net  Operating  Costs 

Waste  treated  (kg/yr) 

Total  volatiles  removed  (kg/yr)  (99%  removal  efficiency) 

Unit  treatment  cost  ($/kg  waste  treated) 

($/kg  volatiles  removed) 

'Construction  fee  (10%),  contingency  (15%),  engineering  (15%), 


$240,000 

600,000 

1,440,000 

934,800 

$3,214,800 


$126,000 

160,700 

12,300 

276,000 

59,400 

8,000 

40,000 

13,100 

128,600 

524,000 

$1,348,100 

562>.7.QQ 

$786,400 

127,750,000 

2,558,000 

0.0062  $/kg 
0.31  $/kg 

startup  (1%). 


5.3.4  Air  Str i ppi oq/Adsorpti on 


The  two  previous  adsorption  methods  of  waste  treatment  bring  the  waste 
stream  into  direct  contact  with  the  adsorbent  to  remove  the  volatile  organics 
as  well  as  other  high  molecular  weight  constituents.  Some  waste  streams 
may  be  suitable  for  adsorption  treatment,  but  direct  contact  between  adsorbent 
and  waste  stream  may  not  be  efficient  or  cost  effective.  In  these  situations, 
chemical  process  operations  such  as  air  stripping  or  evaporation  can  be 
used.  These  two  processes  separate  the  volatile  organics  from  the  liquid 
waste  stream  and  place  them  in  a  gas  or  vapor  stream  that  can  be  treated 
with  an  adsorbent  to  capture  the  organic  vapors.  Again,  like  liquid  phase 
adsorption,  gas/vapor  phase  adsorption  is  a  well  established  process  technol¬ 
ogy.  Sections  5.3.4  and  5.3.5  focus  on  che  combined  treatment  processes  of 
air  stripping/adsorption  and  evaporati '-n/adsorption ,  respectively,  for  the 
treatment  of  hazardous  wastes  to  control  the  release  of  volatile  organics. 

5. 3. 4.1  State  of  the  Art-- 

5. 3. 4. 1.1  Process  description-- 

Principles  of  Operation--Each  constituent  in  the  waste  stream  exerts  a 
vapor  pressure  that  is  characteristic  of  that  constituent  and  its  interaction 
with  the  solvent  (major  component).  At  low  solute  concentrations  the 
relationship  between  the  concentration  of  the  solute  in  thp  liquid  phase 
(waste  stream)  and  its  equilibrium  vapor  pressure  is  described  by  Henry's 
law.  A  large  Henry's  law  constant  indicates  that  the  solute  exerts  a  high 
vapor  pressure  in  the  vapor  phase  in  contact  with  the  solution. 

In  cases  where  the  partitioning  of  the-  solute  between  the  liquid  and 
vapor  phase  is  high,  i.e.,  a  high  Henry's  law  constant,  the  solute  may  be 
removed  from  the  liquid  phase  by  maintaining  the  vapor  pressure  of  th*1 
solute  below  its  equilibrium  level.  One  way  of  keeping  the  solute's  partial 
pressure  in  the  vapor  below  its  equilibrium  level  is  to  continuously  sweep 
the  surface  of  the  liquid  phase  with  air.  The  efficiency  of  this  method  in 
removing  the  solute  increases  as  Henry's  law  constant  increases. 

A 'r  stripping  removal  reverses  the  absorption  process  that  is  widely 
used  to  remove  constituents  from  the  gas  phase,  e.g.,  in  air  pollution 
control.  Like  absorption,  air  stripping  may  be  carried  out  in  packed  or 
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bubble  tray  columns  where  the  liquid  phase  enters  the  top  of  the  column  and 
flows  downward  counlercurrently  to  the  upward  flowing  gas  phase. 

In  cases  where  there  are  no  chemical  interactions  between  the  solute 
and  the  solvent  or  other  solutts,  Henry's  law  constant  generally  increases 
with  temperature.  Therefore,  improved  air  stripping  efficiencies  may  be 
obtained  by  operating  at  higher  temperatures. 

The  solute  must  then  be  removed  from  the  gas  phase  to  prevent  it  from 
entering  the  atmosphere.  Adsorption  onto  a  porous  solid  is  one  method  of 
removing  the  solute  from  the  gas  phase.  The  solute  may  then  be  desorbed 
from  the  adsorbent  in  a  more  concentrated  state  and  recovered  or  incinerated. 

Basic  Process  Conf iguration--The  air  stripping/adsorption  waste  treatment 
process  basically  consists  of  three  operational  steps:  (1)  air  stripping 
(liquid-air  contacting),  (2)  adsorption  (air-solid  contacting),  and  (3)  ad¬ 
sorbent  regenei ati on/adsorbate  recovery. 

The  air  stripping  of  the  waste  stream  may  be  carried  out  in  packed  or 
bubble  tray  (bubble  cap  or  perforated  plate)  columns.  In  waste  treatment 
the  packed  columns  are  more  frequently  used  because  of  their  lower  cost  and 
reduced  tendency  for  liquid  foaming.  The  height  of  the  packed  column  and 
tne  gas -liquid  flow  ratio  are  largely  determired  by  Henry's  law  constant 
and  the  degree  of  solute  removal  required. 

The  solute-laden  air  effluent  from  the  stripping  column  is  then  passed 
through  an  adsorbent  column.  Fixed  beds  of  activated  carbon  are  the  most 
widely  used  adsorption  method  for  removing  organics  *rom  the  vapor  phase. 

The  cleaned  air  leaving  the  adsorbent  bed  is  then  vented  to  the  atmosphere. 
This  air  leaving  the  adsorber  typically  contains  lower  organic  concentra¬ 
tions  than  the  ambient  air. 

Multiple  adsorbent  beds  are  used  in  the  adsorption  step;  a  portion  of 
the  beds  are  on-stream  (adsorbing)  while  the  remaining  ones  are  off-stream 
(desorbing).  This  is  analogous  to  the  two-cycle  operatior  described  earlier 
for  liquid  pnase  carbon  and  resin  adsorption.  Although  only  two  adsorbent 
beds  are  required,  frequently  more  beds  are  used  to  allow  longer  desorption 
time.  Since  the  kinetics  of  gas  phase  desorption  are  usually  slower  than 
adsorption,  the  longer  desorption  times  are  necessary  to  achieve  the  maximum 
working  capacity  of  the  adsorbent. 
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Multiple  adsorbent  beds  operating  in  parallel  may  also  be  required  for 
heat  transfer  reasons.  Unlike  liquid  phase  adsorption,  gas  phase  adsorption 
is  sensitive  to  temperature.  Because  of  the  poor  heat  transfer  in  fixed 
adsorbent  beds,  particularly  carbon  beds,  multiple  smal 1 -di ameter  adsorbent 
beds  may  be  necessary  to  provide  adequate  rates  of  heat  transfer  to  the 
center  of  the  bed  during  adsorption  and  desorption. 

During  adsorption,  temperatures  above  the  ignition  temperature  of  the 
organic  can  occur  within  the  bed  (particularly  where  the  organic  loading 
rate  of  the  adsorbent  is  high)  unless  adequate  heat  transfer  is  possible. 

Good  heat  transfer  is  also  important  in  the  desorption  cycle  because  desorp¬ 
tion  results  in  bed  cooling.  This  cooling  is  undesirable  because  the  rate 
of  desorption  decreases  as  temperature  decreases.  For  this  reason,  the 
desorption  process  is  usually  carried  out  at  temperatures  above  the  adsorp¬ 
tion  temperature  to  increase  desorption  k'netics  and  adsorbent  working 
capacity.  Since  complete  desorption  is  generally  not  economically  feasible, 
a  residual  amount  of  the  adsorbant  remains  on  the  adsorbent  after  desorption. 
The  adsorbent's  working  capacity  is  the  difference  between  the  amount 
adsorDed  and  this  residual  amount. 

Adsorbent  bed  regeneration  (desorption)  is  accomplished  by  applying  a 
vacuum  or  low-flow  purge  with  hot  air  or  steam.  The  effluent  from  desorption 
may  then  be  sent  to  a  low-temperature  condenser  to  recover  the  organics  or 
incinerated.  In  either  option,  the  adsorption  operation  functions  as  a 
concentration  step  to  improve  the  performance  and  reduce  the  cost  of  condensa¬ 
tion  or  incineration  operations. 

5. 3. 4. 1.2  Process  operation--- 

Applicable  Feed  Streams--The  following  guidelines  should  be  considered 
when  selecting  waste  streams  for  air  stripping/adsorption  pret.reatment: 

•  The  organic  solutes  should  have  high  Henry's  law  constants  (for 
the  actual  waste  stream)  greater  than  approximately  10  4  atm; 

•  Tne  waste  stream  should  be  basically  suitable  for  liquid  phase 
adsorption  treatment  except  that  air  strippinq  can  accommodate  (1) 
high  concentrations  of  suspended  solids,  or  (2)  high  levels  of  high 
molecular  weight  organics  relative  to  the  level  of  the  more  volatile 
low  molecular  weight  organics. 
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Process  Emissions  and  Wastes--The  output  streams  include:  (1)  the 
treated  waste  effluent  from  the  stripping  column,  (2)  the  adsorber  effluent 
air,  (3)  the  recovered  condensate,  and  (4)  the  desorption  purge  air  from 
the  condensing  unit.  With  the  proper  design  and  operation  of  the  adsorber 
and  condensation  units,  there  should  not  be  any  environmental  impact  from 
the  output  streams  2,  3,  and  4. 

Removal  Efficiency--Air  stripping  generally  removes  organics  from  the 
liquid  waste  stream  with  better  than  99  percent  efficiency,  and  the  efficiency 
increases  as  the  Henry’s  law  constant  increases.  The  recovery  efficiency 
of  the  adsorotion  system  is  typically  above  99.9  percent. 

o.3. 4.  i.3  Existing  site --No  specific  sites  using  air  stripping/ 
adoorption  treatment  have  been  identified.  However,  both  the  air  stripping 
and  vapor  phase  adsorption  process  are  mature  technologies  and  are  widely 
lisco  in  the  chemical  process  industries.  The  major  application  of  air 
clrippinq  in  waste  treatment  is  for  the  removal  of  ammonia  from  wastewater. 

5. 3. 4. 1.4  Process  economics--The  major  process  variables  that  affect 
the  economics  of  this  treatment  method  are:  Henry's  law  constant  of  the 
solute  for  the  particular  waste  stream,  the  waste  stream  flow  rate,  and  the 
adsorbent's  capacity  for  the  organic  solute(s). 

The  size  of  the  air  stripping  column  is  governed  primarily  by  Henry's 
law  constant  and  the  required  removal  (stripping)  efficiency.  A  high 
Henry's  law  constant  reduces  the  mass  rate  of  air  required  per  unit  mass  of 
waste  flow,  column  height  increases  as  the  required  removal  efficiency 
increases. 

The  size  of  the  adsorber  increases  as  the  total  amount  of  organics 
stripped  increase  and  as  the  concentration  of  the  organics  in  the  stripper 
effluent  decreases.  Like  liquid  phase  adsorption,  the  efficiency  of  adsorbent 
utilization  increases  as  the  adsorbate  concentration  in  the  adsorber  influent 
increases. 

Another  important  economic  factor  in  the  adsorption  step  is  the  pressure 
drop  across  the  adsorber.  There  is  a  trade-off  between  the  cost  of  a 
blower  that  will  be  capable  of  handling  high  pressure  drops  and  the  mesh 
size  of  the  carbon  require].  Large  mesh  adsorbents,  which  are  considerably 
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more  expensive  (especially  activated  carbon),  will  be  required  if  low 
pressure  drop-adsorbers  are  used. 

5. 3. 4. 2  Example  Case:  Air  Strippi ny/Adsorption-- 

5. 3. 4. 2.1  WET  stream--The  example  system  for  air  stripping/carbon 
adsorption,  is  designed  to  process  500  kg/h  of  caustic  scrubber  efflue.it 
from  perchioroethylene  and  carbon  tetrachloride  production.  This  waste 
stream  influent  to  the  treatment  system  corresponds  to  stream  02.02.20  of 
the  WET  Model  Oata  3ase. 

5. 3. 4. 2. 2  Process  f 1 owsheet--Eslimated  capital  and  operating  costs 
have  been  developed  for  a  combined  treatement  system  that  includes  continuous 
packed-bed  air  stripping  and  GAC  adsorption.  This  system  is  shown  in 
Figure  5-9.  The  GAC  system  component  is  a  fixed-bed  unit  with  air-purge 
adsorbent  regeneration  and  condensation  recovery  of  the  organic  adsorbate. 

The  packed-column  stripper  is  designed  to  process  500  kg/h  of  liquid 
influent  with  99.9%  removal  (transfer  to  the  air  stream)  of  the  carbon 
tetrachloride  from  the  liquid  stream  at  a  concentration  of  0.013  kg  CCl4/kg 
olution.  Tne  GAC  fixed-bed  adsorbers,  which  operate  in  cyclic  fashion 
between  an  adsorption  and  a  desorption  mode,  are  designed  to  capture  better 
than  99.9%  of  the  carbon  tetrachloride  in  the  air  stream  effluent  from  the 
packed-bed  stripper.  The  GAC  columns  are  desorbed  (reactivated)  by  a  small 
volume  air  purge/vacuum  technique.  The  organics  desorbed  from  the  GAC  are 
condensed  and  recovered. 

Gperating  for  365  days  per  year  (@  24  h/day),  the  air  stripping/  GAC 
adsorption  system  would  treat.  4,380,000  kg/yr  waste  and  remove  or  recover 
approximately  and  56,940  kg  CCl4/yr. 

5. 3. 4. 2. 3  Economics --The  total  capital  cost  (line  items  are  shown  in 
Table  5-13)  is  estimated  to  be  $263,000  (January  1983  dollars).  Discounting 
the  capital  costs  at  10  percent  over  10  years  results  in  a  total  annualized 
cost  of  $92,180/yr.  The  unit  cost  is  estimated  to  bp  $0. 0182/kg  waste 
treated. 

5. 3. 4. 3  Advantages  and  Di sadvantages-- 

The  major  advantages  of  air  stripping/adsorption  pretreatment  for 
hazardous  waste  streams  are: 
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Stream  Components  (kg/h) 
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TABLE  5-13.  CAPITAL  AND  OPERATING  COSTS  FOR  AIR  STRIPPING/ADSORPTION 
TREATMENT  SYSTEM  FOR  WASTE  STPEAM  02.02.20 


Capital  Costs 

Packed  column  air  stripper  system 
Carbon  adsorption  columns  (4  required) 

Condenser/ref r i gerati on  system  (10  ton  unit  @  $1, 500/ton) 
Carbon  inventory  ^5,300  lb  @  $2.00/lb) 

Construction  cost 

Total  Capital  Co^ts 
Annualized  Operating  Costs 


Operating  labor  (1,000  man-hours  @  15/m-h)  $15,000 
Maintenance  (5%  of  capital  cost)  13,200 
Electricity  (163,000  kWh  &  $0. 05/kWh)  8,150 
Steam  (600,000  lb  x  $4.00/1,000  lb)  2,400 
Taxes,  insurance,  admi ni stracion  (4%  of  capital  cost)  10,530 
Capital  recovery  (16.3%;  10%  over  10  years)  42 ,900 


Total  Operating  Costs  $92,180 

Product  Recovery  Credit  (125,2-0  lb  @  $0. 10/lb)  12 f 500 


Net  Operating  Costs  $79,650 

Waste  treated  (kg/yr)  4,389,000 

Total  volatiles  removed  (kg/yr)  56,940 

Unit  treatment  cost  ($/kg  waste  treated)  0.018  $/kg 

($/kg  volatiles  removed)  1.40  $/kg 


"^Construction  fee  (10%),  contingency  (15%),  engineering  (15%),  startup  (1%). 


$145 .  *'33 
16 , uOO 
15,000 
10,600 
76,500 

$263,100 


•  The  process  operate  s  are  manure  technologies  that  can  be  designed 
for  particular  applications  with  a  high  degree  of  reliability. 

•  The  process  is  simple  and  requires  minimal  labor  for  operation 
and  maintenance. 

•  Valuable  organic  materials  may  be  readily  recovered. 

•  Adsorbent  regeneration  is  carried  out  in  situ  without  the  routine 
need  for  inventory  replacement. 

The  major  disadvantage  of  air  stripping/adsorption  pretreatment  is: 

•  Air  stripping  is  limited  to  those  streams  where  Henry's  law 
constants  of  the  solute  are  favorable.  In  the  case  of  waste 
streams  with  multiple  solutes  requiring  removal,  only  some  of  the 
solutes  are  likely  to  have  favorable  liquid-vapor  partitioning 
characteristics. 

5. 3. 4. 4  Recommendations-- 

The  following  recommendations  are  offered: 

1.  Henry's  law  constants  should  be  determined  for  the  actual  waste 
s*-eams  tnat  are  judged  to  be  suitable  preliminary  candidates  'or 
air  striopi ng/adsorption  pretreatment. 

2.  A  pilot-scale  stripping/adsorption  unit  should  be  developed  and 
field  evaluation  tests  conducted. 

5.3.5  Evapo rat  ion/ Adsorption 

This  waste  treatment  method  parallels  closely  the  air  stripping/ 
adsorption  treatment  process  described  previously  in  Section  5.3.4.  Like 
the  air  stripping/adsorption  process,  this  method  is  design  to  treated 
waste  streams  where  the  physical  nature  of  the  stream  does  not  allow  direct 
contact  with  a  carbon  or  resin  adsorbent.  For  example,  evaporation/adsorption 
may  be  a  viable  alternative  for  waste  streams  that  are  suitable  for  adso-ption 
treatment  but  contain  high  levels  of  suspended  solids. 

5. 3. 5.1  State  of  the  Art-- 

5. 3. 5. 1.1  Process  description--£vaporatlon/adsorption,  like  air 
stripping/adsorption,  involves  three  major  process  operations:  (1)  evapora¬ 
tion  of  the  solute  from  the  waste  stream  (physical  separation),  (2)  adsorp¬ 
tion  (vapor-solid  contacting),  and  (3)  adsorbent  regeneration/adsorbate 
recovery. 
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The  main  objective  of  heating  the  waste  stream  is  to  i reread  the 
vapor  pressure  of  the  organic  solutes.  This  may  be  accomplished  in  the 
conventional  multieffect  evaporators  or  in  solids  drying  eeuipment  with 
internal  material  mixing  if  the  waste  stream  is  a  sludge  or  is  highly 
viscous.  By  heating  the  waste  stream,  the  dissolved  organics  will  evaporate 
and  in  addition  suspended  organics  may  also  evaporate. 

In  this  treatment,  process  toe  waste  stream  is  sent  to  an  evaporator 
where  the  stream  is  heated  to  a  controlled  temperature  and  the  generated 
vapor  is  removed  from  the  evaporator  either  by  air  purge  or  vacuum.  This 
vapor  effluent  is  then  passed  through  an  adsorbent  bed  where  the  organic 
species  are  adsorbed.  In  the  case  of  some  aqueous  streams  where  a  high 
percentage  of  tne  vapor  is  water,  condensation  of  part  of  the  water  vapor 
in  the  evaporator  effluent  may  be  beneficial  to  reduce  the  volume  of  vapor 
going  to  the  adsorber(s). 

The  adsorption  system  consists  of  multiple  fixed-bed  adsoibent  columns 
(contactors);  part  of  the  columns  are  on-stream  adsorbing  organics  from  the 
evaporator  effluent  while  the  remaining  ones  are  off-stream  being  regenerated. 

Adsorbent  regeneration  is  accomplished  by  either  vacuum  desorption  or 
low-flow  purge  of  the  bed  with  heated  air  or  steam.  The  effluent  from  the 
adsorbent  bed  during  regeneration  is  sent  to  a  1 ow-temper ature  condensation 
system  where  the  organic  vapors  are  recovered.  Direct  condensation  of  the 
volatile-containing  gas,  an  alternative  to  carbon  adsorption,  is  very 
energy  intensive  unless  the  volatile  is  highly  concentrated  since  the 
entire  gas  stream  must  be  cooled.  In  this  sense,  carbon  adsorption  can  be 
considered  as  a  concentrator  of  the  volatile. 

b .  3 .  5 . 1 . 2  Process  operation- - 

AppMcable  Feed  Streams--Thi s  treatment  method  is  an  alternative  to 
the  carbon  and  resin  adsorption  methods  in  cases  where  the  suspended  solids 
level  of  the  waste  stream  is  too  high  for  prefiltration  ano  direct  liquid 
phase  adsorption.  It  is  particularly  suitable  for  the  treatment  of  sludges 
and  viscous  waste  streams. 

This  process  would  also  be  a  candidate  for  the  treatment  of  nonaqueous 
waste  streams  ccntain'ng  highly  volatile  lew  molecular  weight  organics  and 
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comparatle  or  i  igher  concentrations  of  significantly  less  volatile  high 
molecular  weight  organics.  The  direct  liquid  phase  adsorption  of  this  type 
of  rrul t.icomponent  waste  stream  would  result  in  ear^y  adsorbent-bed  break¬ 
through  of  the  lower  molecular  weight  components.  By  evaporative  (physical 
separation)  treatment  of  such  waste  streams,  the  high  vapor  pressure  consti¬ 
tuents  would  oe  concentrated  in  the  vapor  phase  where  they  could  then  be 
more  efficiently  adsorDed. 

Process  Emissions  and  Wastes--Tiie  output  streams  of  the  combined 
evaporation/ads jrption  treatment  process  are  essentially  the  same  as  those 
for  the  air  stripping/adsorption  process  described  in  Section  5. 3. 4. 1.1 

Removal  Ef f iciency--The  removal  efficiency  depends  mainly  on  the 
difference  in  vapor  pressure  between  the  organic  solute  and  the  particular 
solvent  (If  the  operating  intent  is  not  to  achieve  complete  evaporation). 

At  complete  evanoration  of  the  entire  liquid  phtoe,  tne  removal  of  the 
volatile  organics  rrom  the  waste  stream  is  100  percent.  The  capture  of  the 
evaporated  organics  in  the  adsorption  system  is  typically  above  99.9  percent. 

State  of  Recovereo  Vol ati 1 es-~The  volatiles  are  recovered  in  the 
condensation  system  in  a  liquid  state. 

5.3.5. 1.3  Existing  sites--No  waste  treatment  facilities  that  use  the 
combined  evaporation/  adsorption  system  were  identified.  Nevertheless,  all 
tse  operational  steps  of  this  combined  system  are  ma1 ure  technologies  and 
are  widely  used  in  chemical  process  industries.  Therefore,  this  treatment 
process  ca~  be  reliably  designed  for  a  specific  waste  treatment  application. 

5.  3.  5  2  Example  Case:  Evaporation/Adsorption-- 

j.3.5.2.1  WET  stream--The  evaporation/adsorotion  system  is  designed 
to  process  1,C0Q  kg/h  ot  distillation  side  cut  from  acetaldehyde  production 
by  ethylene  oxidation.  This  waste  stream  influent  to  the  treatment  system 
corresponds  to  stream  03.04.14  of  the  WET  Model  Data  Base. 

5. 3. 5. 2. 2  Process  flowsheet'-Estimatea  capital  and  operating  costs 
were  developed  for  a  combined  treatment  system  including  continuous  evapora¬ 
tion  and  GAC  adcorption.  This  system  is  shown  in  Figure  5-10.  The  GAC 
system  component  is  a  fixed-bpd  unit  with  air  purge  adsorbent  bed  regenera- 
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Figure  5-10.  Process  flow  sheet  for  evaporation/carbon  absorption  pret'catment  to  remove 
i  volatile  constituents  from  haz?rdous  waste. 
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tion  and  condensation  recovery  of  the  organic  adsorbates.  The  evaporator, 
which  is  a  screw  conveying-type  of  steam- jacketed  heat  exchange,  is  designed 
to  process  1,000  kg/h  of  liquid/  slurry  wastes  with  essentially  100  percent 
vaporization  of  the  organic  constituents.  For  the  example  case,  the  waste 
stream  influent  to  the  evaporator  has  the  composition  shown  below. 


Acetaldehyde 

Mass  fraction 

0.  162 

Chloroacetaldehyde 

0. 119 

Chloroform 

0.020 

Formaldehyde 

0.020 

Sol i ds 

0.020 

Water/other  no.iwater 

0. 659 

The  evaporator  is  purged  with  heated  air  that  is  then  passed  through 
the  GAC  fixed-bed  column  where  the  organics  are  removed  from  the  air  stream. 
The  GAC  columns  are  periodically  regenerated  by  desorbing  the  organics  by 
an  air  purge/vacuum  technique.  The  adsorbates  desorbed  from  the  GAC  are 
then  condensed  from  the  purge  stream  ana  recovered. 

Operating  for  365  days  per  year  (@  24  h/day),  the  evapor3t i on/'GAC 
adsorption  system  would  treat  approx imately  8,760,000  kg  waste/yr  and 
recover  approximately  4,355,000  kg/yr  of  organics. 

5. 3. 5. 2. 3  Eccnomics--The  estimated  capital  and  operating  costs  for 
treatment  of  the  waste  stream  03.04.14  are  shown  in  Table  5*14.  The  tota’* 
capital  cost  is  estimated  to  be  about  $2,317,000  (January  1983  dollars). 
Discounting  the  capital  costs  at  10  percent  over  10  years  results  in  a 
total  annualized  cost  of  $822,000/yr.  If  the  recovered  organics  art  sold, 
an  estimated  credit  of  $218,000/yr  may  be  applied  against  annual  operating 
costs  to  give  a  unit  treatment  cost  of  $0. 0689/kg  waste  treated. 

54  BIOLOGICAL  TREATMENT 

5.4  1  I ntroduct i on 

Biological  treatment  is  the  most  common  method  of  removing  organic 
compounds  from  aqueous  streams.  In  addition,  it  has  been  employed  tc 


TABLE  5*14.  CAPITAL  AND  OPERATING  COSTS  FOR  EVAPORATION/GAC 
ADSORPTION  TREATMENT  OF  WASTE  STREAM  03.04.14 


Capital  Costs 


Evaporator  system  830,000 
Carbon  adsorption  columns  (6  required)  48,000 
Condenser/refrigeration  system  (30  ton  unit  0  $1, 500/ton)  45,000 
Carbon  inventory  (360,000  lb  0  $2. 00/lb  720,000 
Construction  cost3  674 , 000 


Total  installed  costs  $2,317,000 
Annualized  Operating  Costs 

Operating  labor  (4,400  man-hours  0  15/m-h)  66,000 
Maintenance  (5%  of  capital  cost)  116,000 
Electricity  (400,000  kWh  @  $0. 05/kWh)  20,000 
Steam  (37.2  *  106  lb  0  $4/1,000  lb)  149,000 
Taxes,  insurance,  admi ni stration  (4%  of  capital  cost)  93,000 
Capital  recovery  (16.3%,  10%  over  10  years)  378 , 000 


Total  Operating  Costs  $822,000 

Product  Recovery  Credit  (4,355,000  kg  0  $0. 05/kg)  $218,00.0 

Net  Operating  Costs  $604,000 

Waste  treated  (kg/yr)  8,760,000 

Total  volatiles  removed  (kg/yr)  4,355,000 


Unit  treatment  cost  ($/ky  waste  treated) 

($/kg  volatiles  r»  .roved) 

aConstructi on  foe  (10%),  contingency  (15%),  engineering 


0.069  $/kg 
0. 14  $/kq 

(15%),  startup  (1%). 
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remove  ammonia  and  nitrai.es.  Removal  of  the  contaminants  occurs  as  they 
are  used  as  food  for  mi croorgani oms  present  in  the  stream.  Organic  materials 
are  transformed  partially  into  gases  (C02,  CH4)  and  partially  into  additional 
cellular  material  for  microorganisms.  The  vast  majority  of  biological 
treatment  systems  for  municipal  and  industrial  waste  employ  aerobic  o,aanisms 
that  use  oxygen  dissolved  in  the  wastewater  to  oxidize  organics  to  C02. 

In  aerobic  systems,  oxygen  is  transferred  to  the  wastewater  through 
air-water  contact.  This  transfer  is  promoted  to  maintain  enough  dissolved 
oxygen  in  the  wastewater  so  that  the  process  is  not  limited  by  dissolved 
oxygen.  Typically,  this  oxygen  is  supplied  using  surface  aerators  or 
submerged  diffusers  or  by  allowing  the  wastewater  to  flow  over  a  surface  in 
a  thin  film.  All  of  these  processes,  as  a  consequence  of  promoting  air-water 
contact,  also  promote  stripping  of  volatiles  to  the  atmosphere.  As  a 
result,  they  are  unsuitab’e  as  pretreatment  processes  designed  to  decrease 
emissions  of  volatile  chemicals  to  the  atmosphere.  Although  closed  aerobic 
systems  have  been  designed  and  operated  (e.g.,  UNOX,  Union  Carbide),  they 
are  rare  arid  relatively  capital  intensive.  Any  attempt  to  recover  volatiles 
from  air  effluents  of  aerobic  systems  would  be  better  handled  as  air  strip¬ 
ping  processes. 

Biological  wastewater  treatment  irocesses  operating  without  dissolved 
uA^yeii  die  termed  dnaerobic.  These  processes  employ  different  species  of 
organisms  that  convert  dissolved  organics  to  C02  and  CH4.  The  presence  of 
oxygen  in  wastewater  inhibits  these  organisms.  Certain  anaerobic  wastewater 
treatment  operations  are,  however,  carried  out  in  open  lagoons.  In  these 
processes,  the  rate  of  biooxidation  is  high  relative  to  the  rate  of  reaera¬ 
tion  from  the  surface,  thus  aerobic  conditions  prevail  only  in  the  upper 
layers  of  the  lagoon,  and  anaerobic  decomposition  takes  place  simultaneously 
in  the  lower  layers.  Processes  of  this  type  a^e  also  unsuitable  as  pretreat¬ 
ments  to  decrease  emissions  of  volatiles  from  wastewater;  the  relatively 
large  surface  areas  exposed  to  the  atmosphere  and  relatively  long  residence 
times  (days,  weeks,  months)  will  result  in  emissions  during  pretreatment. 

The  remaining  processes,  i.e.,  anaerobic  treatment  in  closed  vessels, 
can  be  considered  for  use  as  pretreatments  to  decrease  emissions  of  volatiles 
from  hazardous  wastes.  The  primary  technical  considerations  are  the  bicde- 
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gradability  of  the  material  to  be  removed  and  the  potential  toxic  or  inhib¬ 
iting  effects  of  other  components  in  the  waste  stream. 

5.4.2  State  of  the  Art 

5. ^.2. I  General  Process  Description-- 

The  basic  process  takes  place  in  a  closed  vessel  that  is  seeded  with 
or  allowed  to  develop  an  acclimated  biological  population.  Wastewater  is 
added  and  withdrawn  either  continuously,  or  more  common, ly,  intermittently, 
and  the  product  gases  (chiefly  C02  and  CH4)  are  withdrawn  from  the  top  of 
the  vessel  as  they  are  produced  and  either  collected  or  burned.  The  most 
frequent  refinements  to  the  process  are  heating  and  mixing.  Anaerobic 
organisms  (in  contrast  to  aerobic  wastewater  treatment  organisms)  are  ther- 
mophillic  and  most  processes  are  operated  at  approximately  35°  C.  This 
heat  can  be  supplied  by  circulating  hot  water  through  internal  heating 
coils.  The  energy  is  usually  provided  by  combustion  of  some  or  all  of  the 
methane  produced  in  the  vessel. 

Other  process  variations  involve  recycle  of  biomass  separated  from 
effluent  wastewater,  staging  of  reactors,  baffling,  and  immobilization  of 
organisms  on  packing.  A  variety  of  proprietary  reactor  configurations  are 
available,  e.g.  ANAMET,  ANITRON,  ana  CELRCBIC,  but  relatively  few  installa¬ 
tions  of  these  processes  are  in  operatior. 

5. 4. 2. 2  Process  Details-- 

A  general  process  flow  diagram  is  given  in  Figure  b-11.  This  diagram 
shews  an  anaerobic  treatment  process  conducted  in  a  stirred  heated  vessel. 
Mere  elaborate  processing  schemes  might  invoke  baffled  vessels  (to  approach 
plug  flow),  sequential  mixed  vessels,  or  biomass  separation  from  the  effluent 
with  recycle  to  the  process  vessel. 

The  most  common  use  of  anaerobic  biological  treatment  in  closed  vessels 
is  for  digestion  of  sludge  pi oducod  in  aerobic  treatment  of  municipal 
wastewater.  At  present,  commerc-'al  use  cf  anaerobic  biological  treatment 
has  been  limited  almost  entirely  to  agricultural  and  food  processing  wastes. 
Application  of  this  technology  has  been  reported  for  winery  wastewater 
(Stander  1966),  packing  house  waste  (Schroepfer  et  al.  1955),  wheat  starch 
wastewater  (Taylor  1972),  beet  sugar  and  potato  wastewater  (Pette  and 
Verspille  1982),  vegetable  canning  wastewater  (Morfaux  et  al.  1982),  brewery 
waste  (Keenan  and  Kormi  1981),  and  palm  oil  sludge  (Chin  1981). 
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Recent  research  in  the  anaerobic  treatment  of  organic  chemicals  in 
wastewater  has  indicated  that  a  wide  variety  of  materials  are  biodegradable 
although  rates  may  not  be  rapid  enough  to  make  the  technology  practical. 
Speece  (1983)  has  compiled  a  list  of  approximately  60  organic  compounds 
amenable  to  anaerobic  treatment.  Lettinga  et  al.  (1981)  have  reported  on 
laboratory  studies  ot  anaerobic  treatment  of  methanol  and  higher  alcohols. 
Although  the  process  was  found  to  be  feasible,  the  authors  reported  that 
biological  activity  was  easily  upset  and  very  sensitive  to  trace  elements. 
The  treatment  of  more  common  agricultural  and  municipal  wastes  takes  place 
in  stages  with  organic  acids  such  as  acetic,  butyric,  and  propionic  formed 
as  intermediates.  For  this  reason,  data  are  available  for  treatment  kinet¬ 
ics  of  these  materials  (Lawrence  and  McCarty  1970). 

5. 4. 2. 3  Suitability- 

Anaerobic  treatment  is  suitable  for  aqueous  organic  solutions.  The 
biodegradability  of  individual  streams  must  be  confined  by  laboratory  and 
pilot  plant  testing.  The  presence  of  toxic  metals  in  significant  quantity 
will  render  the  waste  stream  unsuitable.  At  present,  halogenated  organics 
are  unsuitable  for  this  technology.  Organic  acids,  ketones,  aldehydes,  and 
esters  are  the  most  likely  candidates.  Streams  of  low  volumes  are  most 
suitable  due  to  the  comparatively  high  residence  times  involved. 

5. 4. 2. 4  Associated  Emissions-- 

The  process  produces  two  byproducts,  gas  and  biomass.  The  gas  must  be 
controlled  through  either  collection  or  flaring,  if  flared,  ordinary 
combustion  emissions  must  be  controlled;  i.e.  unburned  hydrocarbon  and 
oxides  of  nitrogen.  If  sulfur-containing  compoundb  are  present  in  the 
waste  stream,  reduced  sulfur  gases  will  be  present  in  the  gas  and,  upon 
flaring,  oxides  of  sulfur  will  be  produced  and  require  control. 

If  the  gas  is  burned  onsite  either  in  a  boiler  or  in  an  internal 
combustion  engine,  the  same  considerations  apply  to  the  exhaust  gases  as  to 
the  exhaust  gas  from  flaring.  The  gas  can  be  upgraded  to  pipeline  quality 
methane  by  removing  C02 ,  H2S,  and  moisture.  This  can  be  accomplished  with 
conventional  natural  gas  processing  technology. 

The  biomass  produced  in  the  process  will,  in  a  completely  mixed  system, 
be  present  in  the  treated  effluent.  In  some  reactor  configurations,  this 
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effluent  is  separated  from  the  pretreated  wastewater  and  a  portion  recycled 
to  the  reactor.  Ultimately,  some  biomass  is  wasted  from  the  process  as  a 
sludge  regardless  of  configuration.  If  the  ultimate  disposal  method  of  the 
pretreated  wastewater  is  land  application,  no  separation  is  required  and 
the  sludge  can  be  applied  with  the  pretreated  wastewater.  If  additional 
processing  of  the  pretreated  wastewater  is  required,  the  sludge  can  be 
separated  by  sedimentation;  dewatered  by  filtration,  centrifugation,  or 
thermal  drying;  and  incinerated  or  landfilled. 

The  pretreated  waste  stream  must  still  be  disposed  of  either  by  land 
application,  further  treatment,  or  discharge  to  a  treatment  works.  Higher 
levels  of  treatment  could  be  achieved  in  multistage  equipment,  at  additional 
cost,  that  might  permit  reuse  of  wastewater.  In  the  event  of  reuse  or 
discharge,  biomass  present  in  the  pretreated  wastewater  would  be  removed  by 
sedimentation.  This  material  would  be  incinerated  after  drying.  The 
removed  volatile  is  destroyed  in  the  process.  A  concent* ated  residue 
stream  is  not  produced. 

5. 4. 2. 5  Existing  Sites-- 

A  list  of  current  application  is  given  in  Table  5-15.  At  present, 
this  technology  is  not  commonly  used  for  the  treatment  of  hazardous  wastes 
in  the  United  States. 

5. 4. 2. 6  General  Economics-- 

Keenan  and  Kormi  (1981)  estimated  that  anaerobic  treatment  of  a 
7,300-ft3/day  stream  of  brewery  waste  would  produce  methane  at  a  cost  of 
$1.19/1,000  ft3  considering  annualized  capital  cost  of  the  plant  and  all 
operating  costs.  The  U.S.  EPA  (1974)  estimates  total  treatment  cost  for 
anaerobic  digestion  of  sewage  sludge  at  $0.60  to  $1.50  (1972)  per  1000  ft3, 
based  on  retention  times  of  10  to  15  days. 

5.4.3  Example  Case 

5. 4. 3.1  WET  Stream  Chosen-- 

WET  Stream  02.02.12,  "Heavy  ends  from  ethylene  oxide  production  from 
ethylene,"  has  been  chosen  for  removal  of  acetaldehyde  by  anaerobic  biolog¬ 
ical  treatment.  This  is  an  aqueous  stream  containing  15.8  percent  acetalde¬ 
hyde  produced  at  2800  kg/day. 


.1.26 


TABLE  5-15.  EXISTING  ANAEROBIC  TREATMENT  SITES 


Municipal  wastewater  treatment 
Primary  sludge 

Waste  activated  (aerobic)  sludge 

Small-scale  domestic  wastewater  treatment 
Septic  tanks 

Agricu'i tural/food  processing  wastes 
Wi nery 
Packi nghouse 
Feedlot 
Brewery 
Starch 
Sugar 
Palm  oil 
Cannery 
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CH4  100  kg/day 
CO2  230  kg/day 
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Figure  5-12.  Process  flow  sheet  for  anaerobic  biological  treatment  of  WET  stream  02.02.12. 


TABLE  5-16. 


' REATMENT  OF  WET  STREAM  02.02.12 
HEAV <  ENDS  FROM  ETHYLENE  OXIDE 
PRODUCTION  FROM  ETHYLENE 


krj/day 


Wastewater 

Acetaldehyde  440 

Water  2,360 

Nutr ' ents 

Ammonia  20 

Phosphoric  acid  1 

2,800 

OUT: 

Treated  wastewater 

Acetaldehyde  110 

Water  2,360 

Biomass  (dry)  14 

Gas 

C02  230 

CH*  100 

2,800 
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5.;. 3. 2  Process  Details-- 

A  simplified  flow  sheet  for  toae  obic  biological  treatment  of  WET 
stream  02.02.12,  "Heavy  ends  f  om  ethylene  oxide  production  from  ethylene," 
is  given  in  F  jure  5-12.  A  mass  balance  for  this  process  is  given  in 
fable  5-15.  The  piocess  as  shown  removes  about  75  percent  of  the  acetalde-. 
hyde  from  the  wastew.ter  with  a  residence  time  of  4  to  5  days.  Biological 
rate  constants  have  been  estimated  to  be  roughly  those  determined  f  r 
acetic  a: id.  Higher  levels  or  treatment  could  be  obtained  uy  separating 
biomass  from  effluent  wastewater  and  returning  it  to  che  treatment  unit. 

The  uncertainties  affecting  the  choice  of  this  technology  center  on 
the  reaction  kinetics;  i.e.  how  large  a  vessel  must  be  provided.  In  addi¬ 
tion,  the  presence  of  other  components  in  the  waste  stream  besides  acetalde¬ 
hyde  that  may  have  a  toxic  or  inhibitory  .'feet  must  be  determined.  Finally, 
the  sensitivity  of  the  system  to  fluctuations  in  flew  and  concentration 
during  expected  periods  of  shutdown  for  maintenance,  strikes,  inventory 
reduction,  etc.,  must  be  determined. 

The  key  '‘esign  variables  are  extent  of  treatment  (i.e.,  residence 
time)  and  reactor  configuration.  Depending  on  reaction  rate,  a  more  complex 
reactor  incorporating  recycle  or  multistage  nrocessirg  may  t*e  desirable. 

5  4  3.3  Economics  (Cost-Ef f ecti veress )-- 

For  larqe  systems,  U.S.  EPA  (1972)  cost  data  for  municipal  sludge 
digestion  can  be  used  to  estimate  treatment  costs.  For  much  smaller  capaci¬ 
ties  sjch  as  WET  stream  02.C2.12,  a  reasonable  estimate  of  insta’led  capital 
costs  is  $50,000,  based  on  the  cost  of  stirred  heated  tankage.  The  capital 
cost  'or  such  a  system  over  20  years  at  12  percent  would  be  approximately 
$0. 024/gal.  Depending  on  climate  conditions,  operating  costs  could  be  par¬ 
tially  or  completely  offset  by  byproduct  credit  fo-  methane  generated.  An 
additional  cost  of  $0.02  to  SO.OVgal  for  land  application  of  the  treated 
waste  must  be  added. 

5.4.4  Advantages  and  Pi sad^antages 

The  advantage  of  anaerobic  treatment  (and  biological  treatment  in 
general)  is  that  it  is  a  low  cost,  low  technology  operation  using  simple 
equipment.  Temperature  and  pressures  are  only  slightly  above  ambient  for 
anaerobic  treatment  (e.g.  ,  35°  C,  1  psig).  Under  some  circumstances,  the 
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process  can  produce  a  net  energy  product  after  heating  and  mixing  require¬ 
ments  are  satisfied.  One  option  is  to  drive  the  mixer  with  an  internal 
combustion  engine  powered  by  the  product  gas  from  the  process.  Engine 
coolant  can  be  circulated  through  coils  in  the  vessel  to  maintain  the 
temperature. 

There  are  several  important  disadvantages  to  this  technology.  Perhaps 
the  most  important  is  that  the  process  is  not  well  developed  for  hazardous 
waste  applications,  and  even  for  agricultural  waste,  operating  experience 
is  limited.  Dialogical  systems  and  anaerobic  systems  in  particular  are 
more  sensitive  to  process  upsets  than  chemical  systems.  The  consequences 
of  process  upsets  are  greater  than  those  in  a  chemical  or  physical  system 
as  the  reestablishment  of  an  acclimated  culture  following  an  upset  may  take 
weeks.  A  rapid  change  in  waste  stream  composition,  such  as  the  introduction 
of  a  toxic  t-ace  metal,  may  wipe  out  the  waste  treatment  capability. 

Operation  on  a  seasonal  or  intermittent  basis  may  require  reacclimation, 
with  a  consequent  period  of  lew  wacte  treatment  capacity  eacn  season. 
Similarly,  an  interruption  in  the  process  that  produces  the  wastewater  will 
disrupt  the  treatment  system. 

Sulfate-sulfur  or  organic  sulfu'  compounds  present  on  waste  streams 
will  generally  be  converted  to  hydrogen  sulfide  and  other  reduced  sulfur 
compounds.  These  are  volatile  and  toxic  and  have  unpleasant  odors  even  at 
low  concentrations.  Combustion  of  >.roduct  gas  from  anaerobic  treatment  of 
wastes  containing  sulfur  compounds  will  result  in  formation  of  sulfur 
oxides  that  may  require  control. 

5.4.5  Recommendations  for  Further  Study 

Each  individual  waste  stream  would  have  to  be  tested  for  suitability 
in  laboratory  studies.  The  presence  of  certain  chemicals  toxic  to  the 
organisms  responsible  for  treatment  can  make  an  individual  waste  stream 
unsuitable  even  if  the  components  of  interest  have  been  found  to  be  remov¬ 
able  in  other  studies.  In  addition,  the  presence  of  other  materials  in  the 
waste  stream  may  affect  the  kinetics  of  removal;  biological  rate  constants 
must  be  determined  to  permit  accurat?  sizing  of  equipment 

Finally,  nutrients  such  as  nitrogen  and  phosphorus  must  be  added  if 
the  waste  stream  contains  insufficient  levels  of  these  eionents.  Gptimal 
nutrient  addition  levels  can  be  determined  in  laboratory  studies. 
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5.5  OZONATION/RADIOLYSIS 


5.5.1  Introduction 

Ozrnation/radiclysi s  is  the  process  of  oxidizing  organic  materials  by 
reaction  with  ozone  in  the  liquid  or  vapor  phase.  Ozone  can  be  generated 
by  an  ozone  generator  or  by  radiation.  Radiation  can  be  used  in  conjunction 
with  ozonation  to  generate  additional  ozone  in-situ,  makt  the  organic 
molecules  rn^re  reactive,  and  cause  the  ozone  to  form  even  more  reactive 
species.  The  ultimate  Droducts  from  the  destruction  of  hydrocarbons  are 
carbon  dioxide  and  water. 

Ozonation/radiation  can  be  used  to  remove  volatile  materials  from 
hazardous  waste.  In  a  typical  process,  ozone  would  be  produced  by  an  ozone 
generator  and  brought  into  contact  with  the  hazardous  waste.  A  radiation 
sourrp  woulc  be  present  to  irradiate  the  vapor  space  of  the  gas-liquid 
contactor.  In  one  version  of  this  process,  water  and  any  condensates  would 
be  removed  from  the  offgas  and  much  of  the  gas  would  be  recycled  to  an 
oxygen  plant.  The  oxygen  plant  would  then  produce  an  oxygen  rich  gas  which 
would  feed  the  ozoi  «  generate.'. 

5. 5. 1. 1  Ozonation-- 

Over  AO  years  3gn,  it  was  demonstrated  that  some  carcinogens  are 
transformed  by  air  containing  ozone  to  less  carcinogenic  or  noncarc i nogeni c 
materials  (Tipson  1965).  Out  of  concern  for  the  carcinogenic  potential  of 
hydrocarbon  effluents  in  water  po^ution  from  the  thermal  processing  of 
mineral  fuels,  Il'nitskii  et  al.  (1968)  and  Moriconi  and  Salce  (1968) 
investigated  the  effect  of  ozone  on  several  polynuclear  aromatic  compounds 
(PNAs).  They  concluded  that  ozonation  was  a  potent  technique  for  the 
deactivation  ot  PNAs . 

Ozone  is  produced  from  the  three-body  reaction: 

0*  ♦  0^  ■*  M  ♦  O3  ♦  M 

where  H  is  a  third  body  serving  as  an  energy  transfer  medium.  Elementa1 
oxygen,  0*.  is  formed  by  the  radiation-induced  decompose  on  of  oxygen 
nitrogen  dioxide,  or  carbon  dioxide.  The  energy  required  to  form  molecular 
oxygen  can  he  provided  by  heat,  electromagnetic  radiation,  corona  discharge, 
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or  fast  electrons.  Ultraviokt  light  is  the  primary  mechanism  for  the 
production  of  terrestrial  ozone  and  is  also  employed  for  small-scale  ozone 
production.  Ozone  proJuced  by  UV  .s  usually  generated  in  air  and  delivered 
in  concentrations  of  several  ppm  maximum. 


5. 5. 1.2  Radiolysis-- 

Raaiolysis  involves  the  interaction  of  electromagr.etic  rays,  o'*  photons 
with  hazardous  waste.  The  use  of  relatively  low  energy  photons  is  of*en 
referred  to  as  photolysis.  The  de >truction  and  modification  of  waste 
material  by  photons  in  sunlight  is  an  example  of  naturally  occur  radiolysis. 
low  energy  photons  may  De  generated  by  mercury  arc  lamps  and  ultraviolet 
(UV)  fluorescent  lamps.  High  energy  photons  (X-rays  and  gamma  rays)  can  be 
generated  by  electron  accelerators,  radioisotope  decay,  and  nuclear  reactors 

The  radiolysis  of  waste  materials  is  a  complex  process,  and  many 
different  types  of  chemical  events  can  occur  In  the  presence  of  oxygen, 
even  low  energy  photons  can  create  ozone  and  singlet  oxygen,  both  of  which 
are  powerful  oxidizing  agents.  Thus,  the  use  of  radiolysis  for  the  destruc¬ 
tion  of  hazardous  materials  should  not  be  isolated  from  the  effect  of 
ozonation.  In  fact,  in  many  chemical  systems,  a  synergistic  effect  is 
probable;  the  combined  effect  of  radiolysis  and  ozonation  can  be  greater 
than  the  contribution  of  the  separate  processes. 

The  use  of  radiolysis  to  destroy  volatile  organic  compounds  involves 
the  interaction  of  radiation  with  matter.  Electromagnetic  radiation  is 
attenuated  as  it  passes  through  matter.  This  reduction  in  radiation  is  due 
to  energy  absorption  and  scattering  by  a  fraction  of  the  irradiated  mole¬ 
cules.  Absorbed  electromagnetic  radiation  is  rapidly  converted  into  fa'-t 
moving  electrons  which  are  indirectly  responsible  for  the  chemical  changes 
that  take  place.  The  reaction  of  organic  molecules  in  the  gas  phase  is 
generally  rapid,  whereas  liquid  and  solid  phase  reactions  are  generally 
slower.  Therefore,  ozonation/radiolysis  for  the  removal  of  volatile  com¬ 
pounds  is  expected  to  be  more  effective  in  the  vapor  phase  than  in  the 
liquid  phase. 

High  energy  radiation,  photolysis,  and  ozonation  can  be  responsible 
for  similar  effects  in  reacting  organic  constituents  of  hazardous  waste. 
Neish  (1950)  reported  identification  of  1,6-  and  3 ,6-benzo(a)pyrenequionones 
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from  benzo(a)pyrene  (BaP)  irradiated  with  visible  light  in  the  presence  of 
iodine.  The  same  products  were  also  identified  in  the  degradation  products 
of  EaP  from  Cobalt-60  (gamma  rays)  by  Milazzo  et  al.  (1960).  The  products 
of  UV-induced  decomposition  of  BaP  dissolved  in  benzene  were  identified  by 
Masuda  and  Kuratsume  (1966)  as  6,12-  and  l,6-benzo(a)pyrenequinone.  Koriconi, 
Rahcozy,  and  O'Conner  (1961)  identified  1,6-,  3,6-,  and  4 ,5-benzo(a)pyrene- 
quinones  by  ozonation. 

Although  many  hazardous  materials  are  apparently  protected  from  radiation- 
induced  decomposition  in  the  solid  phase,  radiation-induced  decomposition 
can  be  more  effective  in  solution.  One  postulated  reason  for  the  stability 
of  concentrated  solutions  is  that  the  first  few  layers  of  molecules  attenuate 
most  of  the  radiant  energy  (Kuratsume  and  Hirohata,  1961).  However,  dilute 
solutions  of  toxic  organic  molecules  are  quite  susceptible  to  radiation 
decomposition.  For  example,  the  use  of  Cobalt-bO  to  decompose  dilute  BaP 
solutions  is  presented  in  Table  5-1/  (Uibopuu  Pt  al.  19731.  The  BaP  was 
protected  in  the  benzene  but  was  relatively  rapidly  decomposed  in  acetone. 

In  octane,  the  effect  was  intermediate.  Ethanol  was  the  most  effective 
solvent  tested  for  decomposing  the  polycyclic  molecule  (Gubergritz  et  al. 

1974). 

5  5. 1  3  Synergistic  Effects  of  Radiation  in  Oxidizing  Atmov.pheres-- 

Although  either  radiation  or  ozonation  can  independently  degrade  PNAs, 
the  rates  of  decomposition  under  both  ozonation  and  radiation  are  greater 
than  a  linear  combination  of  the  two  effects,  there  is  apparently  a  synergistic 
effect.  At  relatively  low  'evels  of  ozone,  the  rate  of  decomposition  of 
organics  may  not  be  appreciably  different  *ith  or  without  irradiation.  At 
higher  levels  of  ozone,  however,  the  synergistic  effect  may  be  much  more 
pronounced.  The  synergistic  effect  of  radiation  a. id  ozone  is  discussed  in 
a  literature  review  by  Allen  (1980). 

In  addition  to  reacting  with  ozone,  organic  compounds  can  also  react 
with  oxygen  in  a  adiation  field.  Table  5-19  presents  the  results  of  an 
investigation  of  the  effect  of  oxygen  on  the  ultraviolet- induced  decomposi¬ 
tion  of  BaP  in  solution.  The  autocata I yt l c  nature  of  the  destruction  of 
8af  suggests  that  ozone  was  being  formed  by  the  radiation. 
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TABLE  5- 17.  BaP  DECOMPOSITION  BY  GAMMA  RADIATION 
(%  Deconpos i t i on) 


Solvent 

Dose  (Mrads) 

0 

1 

2 

4 

Benzene 

0 

2.6 

10.  3 

11.8 

n  Octane 

0 

9.  S 

24.  7 

61.  5 

Acetone 

0 

44.  2 

74.5 

95.  5 

TABLE  5-18 
DECOMPOSITION 

EFFECT  OF 
OF  BaP  IN 

OXYGFN  ON  THE  ULTRAVIOLET- INDUCED 

SOLUTION  (Kuratsume  and  Hirohata  1961) 

Time  (hours) 

X 

BaP  decomposition 

Saturated  N2 

Saturated  02 

24 

6 

22 

48 

16 

64 

114 

100 

Source:  Kuratsurne  and 

Hi rohata 

(1961). 

5.  5.1.  *  Sources  of  F'adiation-- 

Covalent  bend  energies  of  volatile  organic  molecules  are  typically  of 
the  order  of  50  to  150  kcal/mole,  and  in  order  to  cause  bona  breakage, 
electromagnetic  radiation  snould  be  of  greater  energy.  This  requires 
visible  light,  ultraviolet  light,  accelerated  electrons,  X-rays,  or  gamma 
r  ays. 

Solar  radiation  at  the  earth's  surface  is  capable  cf  initiating  photo¬ 
chemical  reactions.  A  number  of  studies  have  shown  that  sunlight  can  cause 
photodecomposition  of  pesticides  and  other  contaminants  in  the  environment. 

In  most  TSDF  management  operations  (e.g.,  landfills),  the  waste  stream 
generally  would  not  have  the  retention  time  and  exposed  surface  area  reqjireu 
for  effective  treatment,  particularly  if  exposure  to  sunlight  is  minimized 
as  an  indirect  result  of  air  emission  controls.  Ordinary  fluorescent  lamps 
can  be  used  to  simulate  solar  radiation;  however,  from  this  souce,  radiation 
with  enough  energy  has  a  relatively  low  intensity. 

Low  pressure  mercury  arcs  (e.g.,  germicidal  lamps)  may  be  suitable  for 
a  treatment  process  if  the  volatile  compound  absorbs  strongly  at  one  of  the 
lamp  emission  raxima.  Medium  pressure  mercury  arc  lamps  are  of  much  greater 
utility  for  waste  treatment  than  the  low  pressure  mercury  arc  lamps.  The 
high  pressure  mercury  arc  lamp  is  an  order  of  magnitude  more  intense  than 
the  medium  pressure  lamp  and  has  a  broad,  useful  spectrum  in  the  UV  range. 

High  energy  radiation  sources  include  radioisotopes  such  as  Cobalt  50. 
Highe-  energy  radiation  is  more  penetrating  and  suitable  for  waste  treatment 
in  large  holding  tanks,  or  process  vessels. 

The  intensity  of  gamma  rays  provided  by  the  decay  of  Cobalt-6C  or 
other  radioactive  isotope  gradually  decays  with  time,  typically  of  the 
order  of  years  for  most  practical  systems,  requiring  no  energy  input, 
sources  of  gamma  radiation  can  oe  potentially  obtained  from  waste  nuclear 
material . 

5.  5. 1.5  Ozonation  Equipment-- 

Ozone  reacts  with  itself  and  therefore  must  b_  generated  either  immedi- 
atel/  prior  to  or  during  its  aoplication.  It  is  also  more  efficient  to 
produce  in  low  concentrations.  Most  large-scale  applications  of  ozone 
treatment  are  for  biological  purifications,  such  a:>  destruction  of  bacteria 
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and  viruses.  Tha  technology  for  the  application  of  ozone  to  aqueous  streams 
is  highly  uevelcpeu  and  can  be  readily  adapted  for  industrial  hazardous 
waste  streams  (berkowitz  et  al.  1978). 

For  disinfection  the  ozone  dose  is  typically  used  at  concentrations 
lass  than  »  pom  in  liquids.  In  industrial  waste  treatment  applications, 
ozone  is  supplied  at  higher  concentrations  of  10  to  40  ppm  in  the  waste. 
Typically  the  amount  of  ozone  applied  to  the  waste  is  1.5  to  3  lb  of  ozone 
per  lb  of  oxidizable  organic.  Ozone  is  generally  produced  at  a  concentration 
of  about  1  percent  by  weight  in  air,  up  to  a  maximum  of  about  2  percent  (or 
up  to  6  oercent  maximum  in  oxygon)  (De  Renzo  1931).  The  ozone  concentration 
used  to  treat  the  waste  stream  depends  upon  the  mixing  efficiency  of  the 
waste  stream  with  the  ozonized  uir  and  the  design  of  the  air/liquid  contact¬ 
ing  system. 

Large-scale  ozonators  typically  produce  10  to  500  lb  of  ozone  per  day 
at  concentrations  of  1  to  2  percent  by  weight  (Murphy  and  Orr  1975). 
Construction  materials  that  come  in  contact  with  ozone  must  be  corrosion 
resistant  (e.g.,  stainless  steel,  PVC,  aluminum,  teflon,  and  chromium 
plated  metals). 

5.5.2  State  of  *he  A^t 

Large-scale  ozone  treatment  of  aqitcus  waste  material  is  a  well-devel¬ 
oped  technology.  Laboratory-  and  bench-scale  studies  have  demonstrated 
that  ozone  can  successfully  treat  hazardous  waste  components  such  as  chlori¬ 
nated  hydrocarbons,  dioxins,  polynuclear  aromatics,  and  pesticides.  However, 
it  has  been  used  most  often  for  the  decomposition  of  large  organic  molecules 
in  the  laboratory.  In  addition,  there  are  over  500  ozonation  installations 
worldwide  which  use  ozonation  for  the  disinfection  of  water  supplies.  (De 
Renzo  1981). 

Applications  of  ozonation  to  industrial  waste  treatment  are  not  numer¬ 
ous,  but  feasibility  h&s  been  demonstrated  for  cyanides  and  phenols  (Berkowitz 
et  al.  1978).  Ultraviolet  light  is  often  used  in  conjunction  with  ozonation 
because  of  the  synergistic  effect  discussed  in  Section  5  5.1.3. 

Technology  for  large-scale  application  of  photolysis  for  the  removal 
of  volatiles  from  hazardous  wastes  is  not  highly  developed.  Although  pure 
photolysis  is  not  likely  to  be  a  practical  industrial  waste  treatment 
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process  within  the  next  5  to  10  years,  photolysis  processes  may  be  jsed  to 
enhance  the  destruction  of  hazardous  materials  by  ozone. 

Figure  5-13  presents  a  conceptual  flow  sheet  for  five  different  types 
of  ozonation/radiolysis  processes.  These  conceptual  diagrams  are  pres  ■'ted 
to  illustrate  the  variety  of  different  processes  that  are  possible  using 
che  principles  of  ozonation/i adiolysis.  In  general,  the  radiation  source 
would  be  UV  from  high  intensity  lamps,  unless  radiation  of  a  Dulk  liquid  or 
sludge  is  desired,  in  which  case  gamma  radiation  would  be  useful  as  in 
Processes  A  and  R.  The  IJV  radiation  is  more  efficient  in  the  vapor  phase 
than  in  the  liquid  and  Process  B  shows  an  example  of  how  air  passing  through 
the  waste  can  be  used  to  vapori/e  volatile  organic  material.  These  organic 
vapors  are  then  destroyed  in  the  vapor  phase.  In  Process  D,  a  waste  liquid 
is  pumped  to  the  top  of  a  reactor  and  sprayed  across  a  radiation  source. 

If  the  waste  material  was  in  a  form  which  would  tend  to  foul  the  surfaces 
of  the  UV  lamps,  higher  energy  radiation  such  as  gamma  rays  would  be  more 
effective  in  Process  D. 

Sludges  could  not  be  processed  with  Process  D,  but  Processes  A,  B,  and 
C  could  conceptually  process  sludges. 

When  the  waste  in  Process  A  is  exposed  to  gamma  radiation,  it  is 
important  to  have  oxygen  present  to  form  ozone.  In  Process  C,  the  ozone 
mixes  with  the  waste  in  a  more  concentrated  form,  and  the  organic  destruc¬ 
tion  wo j  1  d  be  much  more  rapid  in  Process  C  than  iri  Process  A.  Process  B 
would  be  preferred  when  there  are  volatiles  mixed  with  relatively  nonvolatile 
organics.  Process  B  would  selectively  destroy  the  volatile  organic  compounds 
since  the  reaction  occurs  in  the  vapor  phase.  Process  E  involves  using  an 
oxygen  plant  to  concentrate  the  oxygen  feed  for  the  ozone  generator.  The 
use  of  an  oxygen  plant  could  be  practical  in  large  systems  because  of  the 
newer  savings  from  the  ozone  generator.  With  an  oxygen  plant,  the  gas  is 
recycled,  with  some  makeup  air  and  some  purging  of  oxidized  products. 

In  summary,  a  wide  variety  of  designs  a^e  poss  hie  for  using  ozonation/ 
radiolysis  processes.  The  choice  of  a  particular  design  strategy  would 
depend  upon  the  waste  composition,  the  form  of  the  waste,  the  capacity  of 
the  process,  and  waste  pretreatment  requirements. 

In  general,  ozonation/radiolysis  can  remove  95  to  99  percent  of  the 
volatile  materials,  depending  on  the  process  variables  such  as  waste  resi- 
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Figure  5  13.  Process  flow  sheet  for  five  ozonation/radiolysis  processes. 
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dence  time,  vapor  residence  time,  reactor  design,  chemical  characteristics 
of  the  wastes,  and  other  factors. 

5. 5. 2.1  Applicable  Waste  Streairs-- 

The  efficiency  and  'esidence  time  requirements  for  ozonation  depend  on 
both  process  equipment  and  the  properties  of  the  waste  stream.  Viscosity, 
agitation  rates,  contact  equipment  and  other  fluid  and  process  variables 
are  important.  Another  important  factor  is  the  opacity  of  the  liquid  to 
ultraviolet  light.  Since  only  surface  reactions  are  probable  for  many 
liquid  systems  due  to  the  shallow  penecration  of  some  form?  of  radiation, 
the  rate  of  mixing  is  especially  important  for  ozonation/radiolysis.  Gamma 
rays  are  also  capable  of  producing  a  synergistic  reaction  rate  acceleration 
with  ozone,  but  these  are  not  attenuated  at  the  surface  of  the  liquid  and 
tend  to  irradiate  the  entire  bulk.  High  energy  radiation  is  therefore 
useful  for  sludges  and  optical !y  opaque  liquids. 

Gene 'ally  waste  streams  containing  greater  than  5  percent  organics 
would  not  be  considered  tor  ozonaticn/radiation  pretreatment.  Ozonation 
has  been  recommended  fo*'  treating  waste  streams  tnat  contain  less  than  1 
percent  oxidizable  hazardou:  compjnents,  as  well  as  for  preliminary  treat¬ 
ment  of  more  concentrated  wastes  for  which  there  are  no  reasonable  alterna¬ 
tives  (Berkowitz  tt  al.  1978).  Potential  exceptions  include  waste  streams 
that  separate  into  fractions  more  easily  after  UV/ozonolysis  (e.g.,  wood 
preservative  waste),  waste  streams  that  have  extremely  hazardous  components 
(e.g.,  dioxins),  and  wa.te  streams  that  have  volatile  components  that  are 
more  susceptible  to  czonation/radiolysis  than  most  organic  components.  The 
waste  stream  requirements  for  suitability  with  ozonation/radiolysis  is 
presented  in  Table  5-19. 

In  ozono^si  s/radiolysi  s ,  it  is  important  that  the  o2one  be  well  mixed 
with  the  waste  material  and  that  the  component  to  be  treated  is  in  the 
liquid  or  dissolved  fonn.  A  cosolvent  is  sometimes  added  to  waste  streams 
to  dissolve  relatively  insoluble  materials  such  as  dioxins.  If  not  dis¬ 
solved,  the  molecules  of  the  compound  are  potentially  protected  from  the 
ozone. 

For  waste  streams  with  low  concentrations  of  organics,  ozonolysis/radi- 
olysis  is  potentially  an  effective  pretreatment  technique.  It  can  also 
provide  effective  control  of  air  emissions  in  the  vapor  phase  where  the 


TABLE  5*19.  WASTE  STREAM  REQUIREMENTS  FOR  OZONATION/RADIOLYSIS 


Characteristics 

Processes 
not  suitable 
for  these 
characteristics 
(see  Figure  5-13) 

Processes 
sui table 
for  these 
characteri sties 
(see  Figure  5-13) 

high  volatiles  content 

All 

1%  <  volatile  content  <  5% 

A,  C,  E,  0 

B 

SI udges 

D 

A,  B,  C 

Opaqie  liquid 

0 

A,  C 

efficiency  of  photolysis  is  expected  to  be  substantially  enhanced  (relative 
to  liquids)  radiation  attenuation  in  the  vapor  state. 

Potentially,  ozone  can  destroy  almost  all  volatile  compounds,  since 
the  ultimate  oxidation  products  are  carbon  dioxide  and  water.  Cyanide  can 
be  converted  to  the  cyanate  or  degraded  to  carbon  dioxide  by  ozonation. 
Ammorria  can  also  be  converted  to  nitrate.  Alcohols  ara  converted  to  alde¬ 
hydes  and  carboxylic  acids.  Phenols  are  converted  to  oxalic  acid.  Unsatu¬ 
rated  hydrocarbo  is  are  fragmented  and  converted  to  aldehydes,  ketones,  and 
carboxylic  acids  (Berkowitz  et  al.  1978). 

The  ust  of  ozone  to  reduce  volatiles  in  hazardous  waste  streams  can  be 
accc  lplished  by  converting  the  volatile  compounds  to  compounds  which  may  be 
less  volatile  than  the  parent  organic  compound.  Although  the  acid  product 
is  resistant  to  ozonation,  the  potential  for  environmental  air  emissions 
could  be  reduced.  The  use  of  photolysis  with  ozonation  can  promote  the 
more  complete  oxidation  to  carbon  dioxide. 

labie  5-20  presents  materials  which  are  suitable  for  low  energy 
photolysis.  The  process  of  photolysis  is  much  more  limited  than  the 
combined  ozcnation/radiation  process. 

Although  ozone  and  photolysis  together  can  destroy  most  oxidizable 
compounds,  the  kinetics  and  efficiencies  of  specific  volatile  destructions 
are  not  generally  known.  For  this  reason,  pilot  studies  are  required  to 
determine  the  treatment  costs  using  ozonation/photolysis  for  specific  waste 
streams.  The  economics  of  a  particular  apolication  should  not  be  evaluated 
before  obtaining  this  laboratory  data.  Ozone  generation  is  the  most  expen¬ 
sive  element  in  UV/ozonation  pretreatment  of  hazardous  waste.  To  decrease 
tne  cost  of  the  ozone  generation,  ozcne  could  be  generated  in  situ,  usii.g 
UV  radiation. 

5. 5. 2. 3  Waste  Stream  Laboratory  Data-- 

Although  hazardous  waste  treatment  with  ozonation/radiolysis  has  been 
demonstrated  as  effective  for  several  specific  waste  streams,  the  laboratory 
testing  covers  orly  a  very  few  waste  streams.  Using  a  mixture  of  carbon 
tetrachloride  and  water,  97  percent  destruction  of  dioxin  was  obtained  with 
ozone  treatment  (favolloni  and  Ztcca  1977).  Apparently  the  carbon  tetra¬ 
chloride  permits  the  solubility  of  the  2,  3,  7,  8-TCDD,  which  is  necessary 


14? 


TABLE  5-20.  MATERIALS  SUITABLE  FOR  LOW  ENERGY  (UV) 

PHOTOLYSIS 


Suitable 

Unsui taol e 

By  Physical  Form 
or  Waste 

Gases 

SI urri es 

Aqueous  solutions 

Sludges 

Nonaqueous  solutions 

Clear  liquids 

Tars 

By  Chemical  Nature 
of  Contaminants 

Inorganics 

Cyanides 

Heavy  metals 

Carbonyl s 

Fluorides 

Acids 

Organics 

Aromatic  hydrocarbons 

Aliphatic  hydrocarbons 

Aromatic  amines 

Chlorinated  aliphatics 

Aromatic  alcohols 

Aliphatic  alcohols 

Aromatic  ethers 

Aliphatic  ethers 

Halogenated  aromatics 

Aliphatic  amines 

Nitro  and  nitroso  compounds 
Phosphorous  and  sulfur 

Aliphatic  acids 

pesticides 

^Source:  Berkowitz  et  a’< .  1976. 
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for  the  destruction.  Hojston  Research  Incorporated  t-eated  dioxins  with 
ozone  combined  with  ultraviolet  radiation.  The  decomposition  products  *'ere 
carbon  dioxide,  water,  and  hydrochloric  acid  (Wilkinson  et  al.  1978).  The 
decomposition  of  ozone  was  accelerates  by  the  use  of  ultraviolet  radiation. 

The  Pittsburgh  Energy  Technology  Center  has  examined  ozonolysis  as  a 
treatment  technique  for  processing  wastewater.  Cooling  tower  wastewater 
has  been  treated  with  ozonation,  although  the  primary  objective  was  tc 
reduce  the  blcwdown,  since  ozone  can  ma^e  the  inorganic  materials  more 
sol udI e. 

Dipak  (1984)  developed  a  laboratory  ber.ch-scale  apparatus  for  investi¬ 
gating  the  treatment  of  waste  materials  with  ozone  and  photolysis.  Approximately 
60  minutes  retention  time  was  required  for  70  to  80  percent  conversion  of  a 
wood  preservative  waste  stream  that  had  a  COD  of  between  40,000  to  50,000. 

The  3-liter  reactor  was  irradiated  by  an  8  watt  l'V  source  within  an  enclosed 
quartz  tube.  Approximately  0.8  lb  per  day  of  ozone  was  applied  to  the 
reactor.  There  was  another  benefit  to  ozonation  other  than  oxidation. 

Only  10  minutes  processing  in  the  ozone/photolysis  reactor  was  required  t^ 
improve  the  settling  separation  process. 

Three  commercial  o-gani zati ons  have  direct  experience  in  pilot  and 
full-scale  operation  of  photo  oxidation  procedures  of  industrial  waste 
streams  (Berkowitz  et  ul .  1978).  Dow  Chemical,  with  joint  funding  from 
EPA,  has  developed  a  UV-chlon  nation  process  to  remove  acetic  acid  from 
200  gpm  of  a  brine  stream.  The  acetic  acid  is  oxidized  to  CC2  and  CH3C1  by 
a  combination  of  Cl2  and  irradiation.  This  facility  has  been  in  use  for 
over  a  year  and  consistently  achieves  better  than  90  percent  acetic  acid 
removal  with  residence  times  of  1  hour.  The  process  was  considered  at 
least  competitive  with  carbon  absorption  for  acetic  acid  removal.  Houston 
Research,  Inc.,  developed  UV/Ozonolysis  treatment  units  for  oxidation  of 
refractory  materials  such  as  corrplexed  cyanides,  orqanic  nitrogen  compounds 
and  ccetic  acid.  Because  of  the  synergistic  effect  with  ozone,  the  addition 
of  UV  radiation  enhances  the  rates  of  conversion  102  to  104  fold.  Facilities 
capable  of  treating  10U  gpm  have  been  installed,  with  removal  efficiencies 
of  >  90  percent  with  residence  times  0.5  to  1  hour.  The  total  organic 
carbon  is  reduced  in  concentration;  complete  conversion  to  C02 ,  H2G,  etc. , 


Wc s  expected.  The  Velcicol  Chemical  Corporatidn  proposed  a  photolytic  system 
for  the  disposal  of  herbicide  Orange  (Esposito  et  al.  1980).  Butyl  alcohol  would 
be  used  to  extract  the  dioxins  and  irradiated  by  UV  light.  The  process  was 
not  developed  further,  because  the  toxicity  of  the  byproa.»cts  of  2, 3, 7, 8 
TCDD  destruction  was  unknown.  There  was  no  mention  whether  the  oxygen 
concentration  was  controlled  in  other  laboratory  studies,  perhaps  explaining 
coritradi ctory  results  in  various  laboratories. 

High  energy  radiation  such  as  gamma  rays  have  been  used  to  destroy 
dioxins  in  oxygenated  solvents.  As  in  the  low  energy  radiation  results, 
oxygen  effects  could  account  for  incomplete  conversions  in  some  of  the 
laboratory  studies. 

5.5.3  Example  Case 

Figure  5-14  presents  a  flow  diagram  of  a  model  pretreatment  facil’ty 
for  removing  benzene,  toluene,  and  phenol  from  quench  tower  blowdown  from 
ethylene  production  by  cracking  of  heavy  liquids.  This  stream  is  a  hiv*h 
volume  (426,000  kg/clay  each  unit)  containing  benzene.  Most  applications  of 
ozonation  processes  are  generally  of  much  smaller  scale  than  this  example, 
and  would  not  have  the  complexity  of  an  oxygen  plant. 

The  costs  and  energy  requirements  for  the  ozone  pretreatment  lacility 
are  presented  in  Table  5-21.  Because  of  the  enhanced  oxygen  content,  the 
energy  required  for  ozone  generation  is  less  than  if  the  generator  were 
operating  with  air. 

The  reactor  vessel  ard  the  offgas  reaction  chamber  have  UV  lamps 
installed  within  the  reactors.  The  ozone  is  generated  by  the  lamps  at  a 
relatively  low  concentration  since  t fie  reaction  rates  are  expected  to  be 
much  faster  in  the  vapor  than  in  the  liquid.  Some  /olatiles  are  expected 
to  De  oxidized  by  ozone  diffusing  into  the  liquid,  however. 

5.5.4  Advantages  and  Disadvantages 

The  advantages  and  disadvantages  of  ozonation/radiolysis  are  summarized 
in  Table  5-22.  One  of  the  main  disadvantages  is  that  the  technology  has 
not  been  examined  in  detail  for  some  of  the  more  potentially  cost  effective 
waste  pretreatment  techniques,  such  as  air  stripping  followed  by  reaction 
of  the  volatile  offgases  in  a  UV  chamber. 
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Figure  5-14.  Process  flow  sheet  for  ozonation  pretreatmc  it  of  quench  bi^wdowr  from  ethylene  production 

by  crackirg  of  heavy  liquids. 


TABLE  5-21.  OPERATING  COSTS  (1980$)  AND  ENERGY  REQUIREMENTS 

FOR  OZONE  GENERATION 


Process 

$  or  enerqy 

610  Lamps  65  W 

40  kW 

Lamp  replacement 

Monitoring  labor 

.r  3?~tor 

$13/daya 
$85. 71a 
$250,000b 

Ozone  generator/oxygen  plant  250  kr/h 

Ozone  generator  electricity 

Maintenance/operation  2  men 

$8,000,000° 

$1,400  kW 

$2C0, 000/year 

total  system 

Arisman  and  Musich  (1980). 

bTwice  the  reactor  cost  in  Arisman  and  Musich  (1980)  plus  40  percent 
for  contingencies. 

CAir  Products,  Allentown,  PA  (1984). 


TABLE  5-2?.  OZONATION/RAPIATION 


Advar  taqes: 

1.  Destroys  a  wide  variety  of  organic  materials. 

2.  No  harmful  residues  associated  witn  the  ultimate  products. 

3.  Efficient  removal  of  trace  quantities  of  organics. 

4.  Effective  destruction  oi  organics  in  the  vapor  phase. 

5.  Can  selectively  modify  waste  composition  for  some  pretreatment 
appl ications. 

6.  Car.  serve  as  a  final  treatment  for  some  wastes. 

7.  Systems  can  be  fully  automated. 

8.  Can  be  used  as  a  portable  system. 

D i  ^advantage: : 

1.  Not  a  demonstrated  technology  for  many  waste  s  reams. 

2.  Viacois  streams  would  be  difficult  to  process. 

3.  UV  r'adiation  only  penetiates  the  surface  of  opaque  liquids  and  sludges. 

4  Expensive  for  purifying  concentrated  organic  wastes  (greater  than 

1  to  2  percent). 

5.  Byproducts  can  be  potentially  toxic  if  the  oxidation  is 
i ncomp 1 ete . 

6.  Does  not  selectively  remove  volatiles,  all  oxidizable  compounds 
can  potentially  react  with  the  ozone. 
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One  major  advantage  of  ozonation  is  that  the  process  leaves  rio  harmful 
residue.  Ozone  decomposes  naturally  in  water  with  a  half-life  of  approxi¬ 
mately  25  minutes,  lhis  decomposition  time  is  reduced  when  reactive  organics 
are  present.  Ozonation  system*  ar-:  relatively  compact.  This  makes  ozonation 
an  attractive  addition  for  retrofit  considerations.  (De  Renzo  1981). 

5.5.5  Recommendations  for  Further  Study 

Since  the  conversion  of  oxygen  to  ozone  by  UV  light  is  more  effective 
when  organics  are  present  and  the  UV  light  can  uniformly  irradiate  the 
vapor  space,  air  stripping  of  the  waste  material  at  ambient  temperatures, 
followed  by  UV  radiolysis  of  the  resulting  vapors  is  a  potentially  attrac¬ 
tive  alternative  process.  The  electrical  efficiency  of  such  a  process  is 
expected  to  be  substantial 1>  improved  over  a  process  which  requires  an 
external  ozone  generator. 

The  use  of  the  zeolite  pressure  swing  oxygen  enrichment  technology  for 
improving  the  efficiency  of  ozone  production  should  be  examined.  Up  to 
95  perce.it  oxygen  can  be  obtained  with  such  a  system.  This  would  potentially 
permit  both  lower  capital  costs  and  lower  electrical  costs.  The  low  moisture 
requirements  of  the  zeolite  beds  are  compatible  with  the  low  moisture 
requirements  of  the  ozone  generator. 

5.5  DISTILLATION 
5.6.1  Introduction 

Distillation  is  a  well  established  process  that  °ffects  component 
separation  based  upon  difference  ir,  volatility.  This  process  has  been  an 
inherent  part  of  the  chemica-  and  petroleum  industries  for  many  years. 
Distillation  typically  involves  heating  a  feed  mixture  to  produce  liquid 
and  vapor  phases;  the  more  volatile  constituents  of  the  feed  concentrate  in 
the  vapor  phase,  while  the  less  volatile  components  concentrate  in  the 
1 iqjid  pnase. 

Distillation  ir  routinely  used  to  separate  volatile  compounds  th3t  are 
considered  hazardous  from  an  environmental  standpoint.  For  examle,  the 
ethylbenzone/styrene  industry  routinely  separates  benzene  and  toluene  by 
distillat’cn.  Pretreatment.  of  waste  streams  by  distillatior  will,  in  most 
cases,  involve  tfv  same  distillation  process  tha*  is  commonly  used  to 


separate  valuable  chemicals  in  the  chemicals  manufacturing  industry.  Thus, 
in  many  cases,  established  distillation  procedures  are  applicable  for  the 
pretreatment  of  volatile  waste  streams. 

5.6.2  State  of  the  Art 

Distillation  nas  evolved  into  a  process  that  is  conducted  primarily  in 
one  of  the  two  possible  modes,  namely  the  batch  or  continuous  modes.  Most 
large-scale  industrial  applications  utilize  continuous  aistillation  (Berkowitz 
et  al.  1978);  however,  batcn  distillation  can  prove  to  be  advantageous  ir: 
some  situations.  These  two  modes  of  operation  are  discussed  in  Sections 
5. 6. 2.1  and  5. 6. 2. 2,  respectively. 

5. 6. 2.1  Continuous  Disti 1 lation — 

Conti nuous  distillation  involves  the  uninterrupted  (continuous)  intro¬ 
duction  of  a  feed  stream(s)  to  an  appropriately  designed  distillation 
column.  Such  a  scheme  is  illustrated  in  Figure  5-15.  The  feed  stream  is 
fed  to  a  column  that  contains  p'ates  or  packing  [packing  is  normally  used 
only  in  small-scale  equipment  (Berkowitz  et  al.  1978)]  designed  to  provide 
intimate  contact  between  vapor  and  liquid.  If  only  one  feed  scream  is 
involved,  the  cascade  (set  of  plates)  above  where  the  feed  stream  is  intro¬ 
duced  to  the  column  is  termed  the  rectifying  or  enriching  section  of  the 
column,  while  the  cascade  below  the  feed  stage  is  termed  the  stripping 
section.  Vapor  rising  through  the  rectifying  section  of  the  column  is 
washed  with  liquid  to  remove  the  less  volatile  components,  while  the  liquid 
ir.  the  stripping  section  of  the  column  is  "stripped"  of  the  more  volatile 
components  by  the  "ising  vapor  in  that  section  A  condenser  is  used  to 
condense  the  overhead  vapor  that  exits  the  rectifying  section  of  the  column. 

A  portion  of  this  condensate  is  continuously  withdrawn  as  the  overhead 
product,  while  the  remainder  of  the  condensate  is  returned  to  the  column  as 
reflux.  At  the  bottom  of  the  column,  liquid  that  exits  the  stripping 
section  is  collected  in  a  reboiler  where  it  ’s  heated  to  produce  a  vapor 
stream  that  is  returned  to  tie  column.  The  portion  of  the  liquid  that  is 
not  vaporized  and  returned  to  the  column  is  continuously  withdrawn  as  the 
bottoms  product. 

Distillation  columns  for  continuous  operation  may  be  designed  to 
handle  multiple  feed  streams  (McCabe  and  Smith  1976);  however,  continuous 
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Figure  5-15.  Process  flow  sheet  for  continuous  fractional  distillation  column. 


distillation,  even  with  multiple  feeds,  typically  requires  that  the  feed 
streams  do  not  vary  significantly  in  composition  with  time.  This  is  due  to 
the  fact  that  continuous  distillation  systems  do  not  accomodate  frequent 
fluctuations  in  feed  stream  composition  while  maintaining  th:  overhead  and 
bottoms  products  at  the  levels  of  purity  specified  in  the  design.  Continuous 
operation  is  also  hampered  by  frequent  startups  and  shutdowns. 

5. 6. 2. 2  Batch  (Differential)  Distillation — 

Batch  or  differential  distillation  entails  distilling  the  feed  material 
in  batches  rather  than  continuously.  There  are  two  basic  types  of  batch 
distillation  systems,  namely: 

•  Simple  batch  distillation  systems 

•  Batch  distillation  systems  utilizing  rectification 

simple  batch  distillation  is  illustrated  in  Figure  5-16.  It  consists  of  a 
heated  vessel  (the  "till11  or  "pot"),  a  condenser  to  condense  the  overhead 
vapor,  an  accumulator  (a  necessity  if  reflux  is  employed),  and  several 
receiving  vessels  to  collect  the  overhead  and  bottoms  products.  Operation 
envolves  charging  a  batch  of  feed  to  the  still  with  subsequent  boiling  of 
the  feed  mixture.  The  overhead  vapor  stream  is  condensed  and  collected  in 
an  appropriate  receiving  vessel.  Reflux  (returning  some  of  the  condensed 
overhead  product  to  the  still)  may  or  may  not  be  employed,  depending  upon 
the  desired  product  composition.  Use  of  simple  batch  distillation  is 
usually  restricted  to  preliminary  separations  where  the  products  are  held 
for  additional  separation  at  a  later  time. 

In  most  batch  distillation  operations,  the  compositions  of  the  overhead 
and  bottoms  products  will  vary  in  composition  as  the  distillation  proceeds. 

In  the  absence  of  reflux  or  at  a  constant  reflux  ratio,  the  overhead  product 
will  become  progressively  richer  in  the  less  volatile  components  while  the 
residual  liquid  or  bottoms  becomes  progressively  leaner  in  the  more  volatile 
components.  Thus,  depending  upon  the  planned  ultimate  fate  of  the  products, 
either  the  overhead  product  composition  or  the  bottoms  product  composition 
may  dictate  the  extent  to  which  the  distillation  process  is  carried  out. 

To  obtain  products  within  a  narrower  composition  range,  batch  distilla¬ 
tion  with  rectification  may  be  used  (Perry  and  Chilton  1973).  The  compon- 
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Figure  5-16.  Process  flow  sheet  for  simple  batch  distillation  scheme. 


ents  of  this  system  are  the  pot,  a  rectifying  column,  a  condenser,  a  splitter 
for  returning  a  portion  of  the  distillate  as  reflux,  and  one  or  more  product¬ 
receiving  vessels.  This  setup  is  illustrated  in  Figure  5-17.  In  operation, 
a  batch  of  feed  is  charged  to  the  pot,  and  the  system  is  brought  to  steady 
state  under  total  reflux  conditions.  Once  steady  state  is  achieved,  removal 
of  some  of  the  overhead  product  (that  amount  not  returned  to  the  column  as 
reflux)  is  commenced.  Some  degree  of  control  over  the  overhead  product 
composition  can  be  achieved  by  appropriate  adjustment  of  tne  reflux  ratio 
as  the  distillation  proceeds.  Two  primary  modes  of  operation  are  the 
following  (Perry  and  Chilton  1973): 

•  Constant  reflux  ratio  with  varying  overhead  composition 

•  Constant  overhead  composition  with  varying  reflux  ratio. 

Under  the  first  mode,  distillation  is  conducted  under  a  constant,  predeter¬ 
mined  reflux  ratio  until  the  average  distillate  composition  reaches  the 
desired  value.  At  this  point,  the  overhead  is  diverted  to  another  receiving 
vessel,  and  an  intermediate  cut  is  withdrawn  until  the  liquor  remaining  in 
the  pot  reaches  the  desired  composition. 

The  second  mode,  constant  overhead  composition,  can  he  maintained  oy 
constantly  increasing  the  reflux  ratio  as  the  run  proceeds.  At  a  point 
where  the  reflux  ratio  reaches  a  very  high  value,  the  overhead  is  diverted 
to  a  different  receiving  vessel,  and  the  reflux  ratio  is  decreased.  An 
intermediate  cut  is  then  taken  as  before  to  achieve  the  desired  composition 
in  the  residual  liquid. 

5. 6. 2. 3  Status  of  Commercial  Deveiopment-- 

Both  batch  and  continuous  distillation  have  been  practiced  on  a  commer¬ 
cial  scale  for  many  ypars  (Berkowitz  et  al.  1978).  Very  often  in  the 
production  of  organic  chemicals,  the  products  are  not  in  a  pure  state. 
Distillation  is  frequently  used  to  separate  products  from  secondary 
byproducts.  Ir.  fact,  distillation  is  routinely  used  to  separate  volatile 
compounds  that  are  considered  hazardous  from  an  environmental  standpoint. 

Distillation  is  an  energy  intensive  process.  Consequently,  most 
applications  to  date  involve  the  recovery  of  soluble  or  recyclable  species 
(Berkowitz  et  al.  1978).  For  example,  chemical  manufacturers  recover 
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solvents  via  distillation  for  internal  reuse.  Due  to  the  high  cost,  pre- 
treatiiient  and  treatment  of  wastes  by  distillation  is  not  widespread. 

There  are,  however,  a  number  of  independent  operations  that  specialize 
in  solvent  and  chemical  reclamation  by  distillation.  Table  5-23  presents 
a  partial  listing  of  independent  processors  and  waste  solvent  distillers. 

5.6  2.4  Constraints  and  Restrictions-- 

There  are  several  important  constraints  on  the  physical  form  and 
chemical  nature  of  wastes  that  are  to  be  treated  by  distillation.  Tables 
5-24  and  5-25  present  forms  and  types  of  wastes  thit  are  amenable  to 
pretreatment  by  distillation.  One  primary  constraint  is  that  the  feed  to  a 
continuous  distillation  column  must  be  a  free  flowing  fluid  with  negligible 
solids  content.  Solid  materials  will  severely  plug  and  foul  the  internals 
of  the  column.  If  the  waste  stream  does  contain  solids  or  highly  viscous 
liquids,  some  form  of  prior  conditioning  will  be  required.  There  are, 
however,  some  free  flowing  fluids  that  cannot  be  treated  by  distillation. 

These  include  organic  peroxides,  pyrophoric  organics,  and  most  inorganic 
wastes. 

The  hazardous  waste  streams  that  are  best  suited  for  volatiles  removal/ 
reclamation  using  distillation  are  liquid  organics,  including  organic  solvents 
and  halogenated  organics.  Typical  industrial  wastes  that  can  be  handled  by 

distillation  include  the  following: 

•  Plating  wastes  containing  an  organic  component--usua11y  the 
solvents  are  evaporated  and  the  organic  vapors  distilled. 

Aqueous  wastes  containing  phenol. 

•  Pol>urethane  waste  containing  methylene  chloride. 

•  Ethylbenzene/styrene  mixtures. 

•  Waste  sol vents--usual ly  mixtures  containing  ketones,  alcohols, 

and  aronatics. 

•  Waste  lubricating  oils 

•  Waste  containing  butyl  acetate  that  are  produced  via  antibi¬ 

otics  (penicillin)  manufacture 

As  suggested  in  Section  5. 6. 2.1,  continuous  distillation  is  not  well 
suited  for  wastes  that  exhibit  large  and/or  frequent  variations  in  composi- 
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TABLE  5*23.  PARTIAL  LISTING  OF  INDEPENDENT  PROCESSORS  AND 
WASTE  TREATMENT  DISTILLERS3 


Chemical  Exchange  Company 
Houston,  TX 

CPS  Chemical  Company 
Old  Bridge,  NJ 

Chemical  Processor,  Inc. 

Seattle,  Wm 

Conservation  Chemical  Company 
Kansas  City,  MO 

Waste  Research  and  Reclammation  Co.  ,  Inc. 
Eau  Claire,  WI 

Rodgers  Laboratories,  Inc. 

Milwaukee,  WI 

Chemical  Waste  Disposal  Corporation 
Astoria,  NY 

Chem-Trol  Pollution  Service  Inc. 

Subsidiary  of  SCA  Services  Inc. 

Model  City,  NY 

National  Convertors  ,  Inc. 

Union,  NJ 

Mari  sol,  Inc. 

Middlesex,  NJ 

Silresim  Chemical  Corporation 
Lowe! 1 ,  MA 

aSource:  Berkowitz  et  al.  1978. 
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TABLE  5-24. 

WASTE 

FORMS  THAT  CAN  BE  DISTILLED 

Waste  form 

Yes 

No  Remarks 

Aqueous  liquids 

•J 

Aqueous  vapors 

J 

Organic  liquids 

V 

Organic  vapors 

V 

Gases 

V 

SI urri es 

>' 

Sludges 

V 

After  some  form  of 
pretreatment 

Tars 

V 

Sol i ds 

V 

Ory  powders 

V 
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TABLE  5-25.  WASTE  T'TES  THAT  CAN  BE  DISTILLED 


Waste  type 


Yes  No  Remarks 


Inorganics 


V 


Organics: 

Plain  hydrocarbons  V 

Halogenated  hydrocarbons  -J 

Amines  V 

Nitro  compounds  V 

Explosives  V 

Oxygenated  hydrocarbons  -J 

Sul fur-contai ni  ig  organics  V 

phosphorus-containing  organics  -J 

Lead  containing  organics  V 


Possibly  some  excep¬ 
tions,  but  these 
would  not  be  rele¬ 
vant  or  practical 
to  hazardous  waste 
pretreatment  or  to 
its  reclamation. 


These  are  all  general 
cases;  there  may  be 
some  exceptions  to 
the  rule. 
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tion.  This  is  primarily  due  to  the  complexity  of  the  process  dynamics 
involved,  i.e.,  the  distillation  column's  ability  to  respond  to  fluctuations 
in  feed  stream  composition  so  as  to  maintain  the  desired  overhead  and 
bottoms  compositions.  Batch  distillation  setups  are,  on  the  other  hand, 
used  quite  frequently  in  applications  where  mixtures  of  widely  varying 
composition  are  to  be  distilled.  As  mentioned  in  Section  5. 6. 2. 2,  careful 
regulation  cf  the  reflux  ratio  can  be  used  to  exercise  control  over  the 
overhead  product  composition.  In  addition,  the  charge  to  a  batch  unit  may 
also  be  high  in  solids  content,  or  it  may  contain  tars  or  resins  that  would 
plug  or  foul  a  continuous  unit  (Perry  and  Chilton  1973).  Such  materials 
merely  settle  out  in  the  pot  and  are  conviently  removed  at  the  termination 
of  the  process.  It  is  still  desirable,  however,  that  the  bulk  of  the  feed 
consists  of  a  free  flowing  fluid. 

Batch  operation,  by  its  very  nature,  involves  frequent  startup  and 
shutdown.  Thus,  &n  irregular  supply  of  waste  should  present  no  problem  in 
as  far  as  forcing  undesired  startups  and  shutdowns  that  would  tend  to  cause 
operational  problems  for  a  continuous  unit. 

It  is  essential  to  note  that  treatment  by  distillation  will  serve  only 
to  reclaim  volatiles  in  a  more  ccncentreated  form.  In  addition,  process 
residuals  such  as  still  bottoms  may  present  a  waste  disposal  problem.  If 
volatiles  can  be  -ecovered  at  desirable  concentrations,  it  is  likely  that 
many  could  be  sold  Otherwise,  ultimate  destruction/disposal  via  a  means 
by  which  volatile  emissions  can  be  avoided  will  be  required.  Solids,  tars, 
or  sludges  recovered  from  still  bottoms  are  normally  incinerated  (Berkowitz 
et  al.  1978).  It  is  thus  evident  that  the  ultimate  fate  of  some  distilla¬ 
tion  products  may  present  another  form  of  waste  disposal  problem,  i.e., 
that  of  disposing  of  concentrated  volatile  matter  and/or  other  residuals 
produced  by  the  distillation  process. 

5.6.3  Example  Case 

Preliminary  capital  and  operating  cost  estimates  have  been  developed 
for  a  continuous  distillation  unit  designed  to  treat  1000  lb/hr  of  spent 
solvents  (primarily  hexane  and  toluene).  This  feed  stock  roughly  corresponds 
to  stream  03.01.90  to  the  WET  Model  Data  Base.  A  flow  sheet  for  this 
process  (including  material  balances)  is  presented  in  Figure  5-18.  The 
design  basis  is  as  follows: 
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Figure  5-18.  Process  flow  sheet  for  example  case  of  distillation  pretreatment. 


•  Feed  race  of  1000  lb/hr  spent  solvents  (80  percent  toluene, 

20  oercent  hexane). 

•  An  overhead  product  composition  of  95  percent  hexane,  5  percent 
toluene. 

•  A  bottoms  product  composition  of  5  percent  hexane,  95  percent 
toluene. 

•  The  feed  to  the  column  is  saturated  liquid,  i.e.  liquid  at  its 
bubble  point. 

•  Column  operation  is  at  atmospheric  pressure. 

It  was  determined  by  engineering  estimate  that  a  bubble  cap  tower  containing 
10  stages  would  be  adequate  to  effect  the  desired  separation.  Column 
diameter  was  estimated  to  be  1  foot.  A  total  condensor  was  specified, 
alcnq  with  a  "coffin  still"  type  kettle  reboiler. 

Under  the  assumption  of  2800  hours  per  year  operation,  the  overhead 
product  would  be  produced  at  about  80,958  gal/yr,  while  the  production  of 
bottoms  product  would  oe  about  327,400  gal/yr.  It  has  been  assumed  that 
the  volatile  stream  could  be  sold  for  $0. 10/kg. 

The  total  capital  cost  for  this  scenario  (including  direct,  indirect, 
and  contingency  costs)  was  estimated  to  be  $352,500  (January  1983  dollars). 
Similarly,  total  annual  operating  expenses  (including  byproduct  recovery 
credit)  were  estimated  to  be  $6,225/yr.  Discounting  the  capital  cost  at 
10  percent  over  10  years  results  in  a  total  annualized  cost  of  S63,683/yr. 
The  unit  cost  is  estimated  to  be  $0. 05/kg  of  waste  treated.  For  disposal 
of  volatiles  t* *>at  cannot  be  recycled,  steam  stripping  may  be  used  for 
additional  purification  or,  for  ultimate  disposal,  incineration. 

5.6.4  Advantages  and  Disadvantages 

The  primary  advantages  and  disadvantages  associated  with  distillation 
are  summarized  as  follows: 

5.6.4. 1  Advantages  -  * 

•  Distillation  is  capable  of  recovering  volatile  species 
-ithout  concomitant  degradation.  This  is  an  important 
advantage  when  the  recovered  species  can  be  sold  or  recycled. 


•  Product  purity  of  any  desired  level  can  be  obtained,  at  a 
cost. 

5. 6. 4. 2  Disadvantages-- 

Disti 1 lation  systems  cannot  handle  feeds  having  high 
quantities  of  solids,  tars,  or  feeds  that  tend  to  polymer¬ 
ize  without  suffering  severe  operational  difficulties 
unless  the  streams  can  be  pretreated  to  reduce  or  remove 
these  materials. 

•  Equipment  and  auxiliaries  are  usually  comparatively  large. 

They  can  have  heights  up  to  200  ft  and  cover  large  areas. 

The  equipment  is  expensive,  and  capital  recovery  charges 
usually  constitute  the  major  portion  of  solvent  recovery 
cost. 

Recovery  by  distillation  is  energy  intensive.  Energy 
requirements  are  nominally  250  to  1,200  Btu/lb  of  feed. 

•  Equipment,  is  often  complex  and  requires  operation  by 
highly  skilled  personnel. 

Still  bottoms  sometimes  contain  tars  and  sludges  which 
must  be  disposed  of  ir.  landfill  or  by  incineration. 

5.6.5  Recommendations  for  Further  Study 

Since  distillation  is  a  well  developed  technology,  recommendations  for 
further  study  involve  determining  which  modes  of  operation  might  be  best 
suited  for  the  pretreatment  of  waste  streams.  For  instance,  distillation 
can  be  conducted  under  special  conditions  that  modify  the  phase  equilibrium 
behavior  of  t fie  species  involved  in  order  to  enhance  separation.  Such 
methods  induce: 

•  Operation  at  reduced  pressure 

•  Azeotropic  distillation 

•  Extractive  distillation 

The  adoption  of  any  of  these  schemes  will  affect  cost  substantially  (compared 
to  straightforward  distillation  at  atmospheric  pressure),  and  thus  should 
be  .onsidered  carefully.  An  assessment  of  the  type  of  distillation  condi¬ 
tions  (as  enumerated  above)  required  to  effectively  process  large  volume 
wastes  would  reveal  a  great  deal  about  the  overall  economic  viability  of 
distillation  for  waste  stream  pretreatment. 


For  specific  applications,  the  choice  between  batch  and  continuous 
cistillation  should  also  be  studied  carefully.  As  noted  in  Section  5. 6. 2. 2, 
there  are  some  circumstances  under  which  batch  distillation  may  be  favorable 
even  though  it  is  consiuerably  more  difficult  to  maintain  the  composition 
of  the  products  at  a  constant  level.  Batch  distillation  may  be  preferred 
when: 

•  The  composition  of  the  feed  varys  significantly. 

The  feed  contains  significant  amounts  of  solids  that  would  tend 
to  foul  and  plug  a  continuous  unit. 

•  Excessive  startup/shutdown  might  be  required  due  to  an  irregular 
supply  of  the  feed. 

In  summary,  distillation  (either  batch  or  continuous)  tends  to  be 
enerqy- i ntens i ve  and  thus  expensive  unless  the  product  can  be  recycled  or 
sold.  However,  with  sufficient  byproduct  credits,  it  can  sometimes  compete 
with  orocesscs  having  a  much  lower  capital  recovery  cost.  It  should  be 
noteH  that  when  distillation  is  competitive  on  an  economic  basis,  it  generally 
becomes  tha  preferred  method  of  recovery  where  salable  organic  species  are 
involved  (Berkowitz  et  al.  1978). 

5.7  WET  OXIDATION 

5.7.1  I ntroducti on 

Wet  oxidation  is  a  process  in  which  oxidizable  material  present  in 
aqueous  solution  or  suspension  is  reacted  with  oxygen  in  the  liquid  phase. 

This  process  is  used  either  for  energy  recovery  or  for  wastewater  treatment, 
depending  on  the  composition  of  ^he  aqueous  stream.  The  reaction  is  typi¬ 
cally  conducted  at  elevated  temperatures  to  accelerate  the  reaction  and 
elevated  pressures  to  maintain  *hp  reaction  medium  in  the  liquid  phase  and 
increase  the  solubility  of  oxygen.  The  pressurizing  gas  can  be  air  or 
oxygen. 

The  wet  oxidation  process  is  applicable  to  aqueous  streams  contami¬ 
nated  .vith  organics.  It  is  particularly  suited  to  waste  streams  that  are 
available  at  ele'ated  temperatures  and  pressures.  Generally,  the  more 
concentrated  the  stream,  the  greater  the  benefits  of  we*  oxidation;  however, 
extr'mely  concentrated  streams  (sludges  and  pastes)  may  be  more  economically 
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incinerated  even  though  they  are  primarily  aqueous.  Although  most  organic 
components,  including  those  responsible  for  volatile  emissions,  can  be 
oxidized  to  some  extent,  the  suitability  of  particular  waste  streams  for 
the  process  can  be  confirmed  through  relatively  simple  bench-scale  testing. 

5.7.2  State  of  the  Art 

5. 7. 2.1  General  Process  Description-- 

The  aqueous  waste  stream  is  pumped  to  a  boiler,  where  compressed  air 
or  compressed  oxygen  is  added.  The  high  partial  pressure  of  oxygen  increases 
the  concentration  of  dissolved  oxygen  in  the  aqueous  phase.  Reaction  takes 
place  between  the  dissolved  oxygen  and  the  dissolved  (typically  organic) 
compounds  in  the  liquid  phase.  Additionally,  suspended  carbonaceous  material 
will  also  combine  with  dissolved  oxygen.  These  reactions  are  exothermic; 
if  enough  oxidizabie  material  is  present  in  the  waste  stream  to  offset  heat 
losses,  a  net  energy  recovery  may  be  obtained.  Heat  from  the  treated 
wastewater  leaving  the  boiler  is  exchanged  with  the  entering  waslewater  in 
order  to  elevate  it  to  reaction  temperature. 

The  reaction  typically  is  conducted  at  temperatures  between  150°  and 
300°  C  with  total  pressures  somewhat  higher  than  the  saturation  pressure  of 
water  at  the  temperature  chosen.  Total  pressures  are  typically  in  the 
range  of  10  to  70  atmospheres.  Depending  on  the  species  to  be  oxidized, 
catalysts  can  be  added  to  increase  reaction  rates  and  decrease  required 
vessel  volumes  (residence  times). 

As  operating  experience  with  this  technology  for  waste  treatment  is 
limited,  wet  oxidation  should  be  regarded  as  an  emerging  technology  rather 
than  an  established  one.  It  is,  however f  being  aggressively  marketed  by  at 
least  three  companies:  Zimpro  (Rothschild,  Wis.);  IT  Envi roscience  (Knox¬ 
ville,  Tenn.);  and  Wetcom  Engineering  (loronto,  Ontario). 

Laboratory  and  pilot-scale  research  for  wet  oxidation  treatment  of 
organically  contaminated  aqueous  solutions  has  increased  in  recent  years. 
Table  5-26  l’sts  recent  research  efforts  in  this  area.  In  addition  to  the 
original  patent  on  the  Zimmerman  process  (Zimmerman  1958),  process  variations 
have  been  patented  by  Burke  and  Borswinkle  (1974)  and  Dew  Chemical  Co. 


TABLE  5-26.  RECENT  RESEARCH  ON  THE  APPLICATION  OF  WET 
OXIDATION  TO  AQUEOUS  WASTE  STREAMS 


Waste  stream  or 
waste  stream  component 


Reference: 


Waste  sulfate  liquor 

Coke-oven  gas-scrubber  liquor,  coal 
gasification  condensate,  sulfide 
refinery  spent  caustic,  DDT,  cyanide 
wastes  from  electroplating,  and 
wood  preservative  liquor 

Coal  gasification  condensate 

Dichloronitrobenzoic  acid  herbicide 
and  coke  plant  waste 

Phenol 


Phenol,  coal  gasifer  condensate,  oil 
refinery  wastewater  and  adhes’ves 
and  sealant  wastewater 

Phenol  and  ni tr i 1 otr i aceti c  acid 

Ten  different  solutions  of  pure 
organic  compounds 

Phenol,  naphthalene,  and  biological 
waste  treatment  sludge 


Pradt  (1972) 
Laughlin  (1983) 


Green  et  al.  (1983) 
Adams  et  al .  ( 1976) 


Katzer  et  al.  (1976); 
Pruden  et  al.  (1973); 
Sadana  and  Katzer  (1974); 
Sadana  (1979); 

Njiribeuko  et  al.  (1978); 
and  Ohta  et  al.  (1980) 

Bansel  et  al .  (1978) 


Pruden  et  al .  (1975) 
Randall  and  Knopp  (1980) 


Harri s  et  al .  ,1983) 
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5. 7. 2. 2  Process  Details-- 

A  simple  process  flow  sheet  for  wet  oxidation  is  shown  in  Figure  5-19. 
This  schematic  shows  the  process  ac-  operated  for  wastewater  treatment  only. 

In  some  cases,  an  externally  heated  preheater  is  required  to  initiate  the 
('faction;  for  dilute  streams  (<1  percent  COD)  supplemental  heat  may  be 
required  to  maintain  appreciable  reaction  rates. 

The  key  design  variables  are  residence  time  and  pressure.  These  can 
be  determined  by  bench  scale  testing  of  the  actual  waste  stream.  In  addi¬ 
tion  the  effects  of  various  heterogeneous  and  homogeneous  oxidation  cata¬ 
lysts  can  be  determined  at  bench  scale  to  evaluate  the  benefits  (in  terms 
of  reduced  vessel  size)  and  costs  of  these  materials. 

Where  energy  recovery  is  feasible,  and  turbines  are  added  for  steam 

expansion,  the  plant  becomes  more  complicated.  A  schematic  of  this  type  of 

.  ® 

plant  is  shown  in  Figure  5-20.  A  mass  balance  for  treatment,  of  Amiben 
wastewater  based  on  Adams  et  al.  (1976)  is  given  in  Table  5-27. 

The  possibility  exists  for  volatile  crganics  to  evolve  from  pretreated 
aqueous  streams  since  treated  streams  may  be  discharged  at  elevated  tempera¬ 
tures.  In  addition,  some  components  may  be  stripped  from  the  aqueous  phase 
into  the  reactant  air  and  require  exhaust-gas  controls  after  the  pressure 
is  reduced.  In  some  process  variations,  catalysts  are  added.  Ultimately 
these  catalysts  must  be  replaced  or  regenerated;  at  which  time  they  may 
become  solid  wastes  or  produce  emissions  when  the  catalysts  themselves  are 
regenerated. 

The  wet  oxidation  process  produces  no  sludges  or  scl io  wstes.  The 
destroyed  components  are  either  completely  converted  to  carbon  dioxide  or 
partially  oxidized  to  other  soluble,  presumably  less  volatile,  components. 

5  7.2.3  Existing  Sites-- 

Pradt  (1972)  has  reported  that  there  are  over  150  wet  oxidation  instal¬ 
lations  world-widt,  including  12  units  that  treat  pure  industrial  waste, 
only  one  of  which  is  in  the  United  States.  The  remaining  units  include 
plants  operated  primarily  for  energy  recovery  rather  than  waste  treatment. 

The  process  is  said  to  be  suitable  for  energy  production  from  such  low-grade, 
high-moisture  carbonaceous  solids  as  wood  waste,  municipal  sewage  sludge, 
and  coal  ,'efuse  (Praat  1978). 
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Figure  &19.  basic  process  flow  sheet  for  wet  oxidation. 
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Figure  5-20.  Wet  air  oxidation  plant  for  Hoerner  Waldorf,  Ontonagon,  Michigan. 


TABLE  5-27.  MASS  BALANCE  FOR  WET  OXIDATION  TREATMENT 
OF  AMIBEN®  WASTEWATER 


IN: 


Wastewater  40,000  gal/day 

19.1  g/L  Dichloroni trobenzoic  Acid 
30. 5  g/L  COD 


Ai  r 

(1)0%  excess) 

87,600 

lb/day 

Treated  Wastewater 

40,000 

gal/day 

<0.1  g/L  Dichloronitrobenzoic  acid 

2.92  g/L  COD 

Gas 

Ni trogen 

67,251 

lb/day 

Oxygen 

11,100 

’b/day 

C02 

12,600 

lb/day 

Gaseous  hydrocarbons 

140 

lb/day 

Carbon  monoxide 

280 

lb/day 

Source:  Adans  et  al.  1976. 


Several  commercial  plants  have  used  the  wet  oxidation  process.  In 
Ontonagon,  Mich.,  a  riant  was  operated  for  Hoerner  Waldorf  Paper  Company  to 
oxidize  wasl e  pulping  liquor.  This  stream  contains  abodt  12  percent  solids 
making  it  suitable  for  energy  recovery.  It  operates  at  a  maximum  temperature 
of  593  K  at  20.0  MPa  (Pr3dt  1978).  The  same  type  of  waste  stream  was  also 
treated  crmmercially  in  Norway  and  again,  energy  recovery  was  the  primary 
goal  (PraJt  1978). 

In  1972,  a  commercial  installation  of  the  Wetox  process,  with  a 
capacity  o>  50,000  L/day  of  industrial  waste,  was  installed  in  Ontario. 

The  stream  to  be  treated  has  a  chemical  oxygen  demand  (COD)  of  approxi¬ 
mately  1  percent  and  contains  complex  sulfur,  nitrogen,  and  chlorine  com¬ 
pounds  (Laughlin  et  al.  1983).  This  plant  is  presently  operating  success¬ 
fully  end  process  developers  estimate  a  two-year  payback  period  under 
design  conditions  due  tr  savings  in  the  cost  for  offsite  disposal  and 
activated  carbon. 

5. 7. 2. 4  Ceneral  Econonics-- 

Pradt  (1972)  estimated  that  a  200  gal/mi n  stream  containing  5000  mg/L 
of  BOD  could  be  treated  for  $0. 0053/gallon  (1970  $).  Adams  et  al.  (1976) 
estimated  that  a  coke  plant  waste  stream  of  560,000  gal/day  could  be  treated 
for  $0. 037/gal  operating  cost  with  a  capital  investment  of  $12.3  million 
(1976  $)  or  $21. 96/gal/day.  An  Amiben®  wastewater  stream  of  40,000  gal/day 
was  estimated  to  require  a  $2.2  million  capital  investment  ($55. 00/gal /day) 
and  operating  costs  of  $0. 068/gal  (1976  $).  Katzer  et  al.  (1978)  estimated 
that  treatment,  of  800,000  gal/day  oi  cokp  plant  waste  would  cost  $0  00075/gal 
(1974  $). 

5.7.3  Example  Case 

5. 7. 3.1  WET  Stream  Chosen*- 

Wet  stream  02.02.21,  "Acetophenone  column  separator  from  phenol  produc¬ 
tion  by  cumene  hydroperoxide"  has  been  chosen.  This  stream  contains  1 
percent  phenol  in  aqueous  solution  and  has  a  mass  flow  rate  of  3,000  kg/day. 

5. 7. 3. 2  Process  Informatior-- 

A  process  flow  sheet  is  given  in  Figure  5-21.  A  mass  balance  for  this 
process  is  given  in  Table  5-28. 
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Hgure  5-21.  Process  flow  sheet  for  wet  oxidation 
pretreatment  of  WET  stream  02.02.21. 


TABLE  5-28.  MASS  BALANCE  FOR  WET  OXIDATION  OF  WET  STREAM  02.02.21 
(Acetophenone  Column  Separator  from  Phenol  Production) 


IN: 


Wastewater 

10,000  mg/L  phenol 
23,800  mg/L  COD 

Air  (100%  excess) 


kg/day 


3 , 000 


616 


OUT: 


Treated  wastewater  3,000 


1,000  mg/L  phenol 

7,000  mg/L  COD 

Ni trogen 

143 

Oxygen 

93 

C02 

69 

Gaseous  hydrocarbons 

0 

Carbon  monoxide 

1 
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5. 7. 3. 3  Economics-- 

The  WET  model  stream  chosen  has  a  relatively  low  volume  and  thus  would 
be  expensive  to  treat  because  of  economies  of  scale  cannot  be  achieved.  A 
cost  estimate  has  been  prepared  for  a  stream  of  100  times  this  flow  rate. 

This  could  be  produced  by  collecting  streams  from  various  locations  or 
mixing  streams  of  similar  composition  (i.e.,  high  phenol  concentration) 
from  other  plant  locations. 

A  plant  to  treat  300,000  kg/day  of  this  stream  could  be  built  for  an 
installed  capital  cost  of  approximately  $8,200,000  (1983).  Operating  costs 
are  estimated  at  $1.20/1,000  gallons  of  waste  treated.  This  facility  would 
remove  approximately  1,000,000  kg/yr  of  phenol. 

5.7.4  Advantages  and  Disadvantages 

The  advantage  of  wet  oxidation  is  that  it  produces  no  sludges,  solvents, 
or  concentrated  wacte  streams  for  disposal,  and  its  space  requirements  are 
small.  In  addition,  for  some  very  concentrated  wastes  it  may  be  practical 
to  recover  energy  from  the  process. 

The  disadvantages  of  the  process  are  that  capital  and  operating  costs 
may  be  high;  this  is  due  to  the  need  for  a  pressure  vessel  (in  which  to 
conduct  the  reaction)  and  the  cost  of  pumping  and  air  compression.  Fur 
streams  containing  very  volatile  but  oxidation-resistant  compounds,  the 
vapor-phase  emissions  from  the  processed  wastewater  e.vl  effluent  gas  may 
require  additional  control  measures. 

5.7.5  Recommendations  for  Further  Study 

Individual  bench-scale  testing  would  be  required  to  determine  tne 
suitability  of  wet  oxidation  as  a  pretreatment  process  for  individual 
industrial  wastes.  In  addition,  testing  to  determine  the  optimal  severity 
of  the  processing  (i.e.,  residence  times,  temperature,  and  pressure)  would 
be  required  for  specific  streams. 

5.8  SOLVENT  EXTRACTION 

5  8.1  Introduction 

Solvent  extraction  is  a  well-defined  chemical  engineering  unit  operation 
in  which  a  solute  is  transferred  from  one  liquid  phase  to  a  second  immiscible 
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phase.  This  transfer  takes  place  when  the  solute  is  preferentially  dissolved 
in  one  of  two  liquid  solvents  (i.e.,  at  equilibrium,  the  concentration  of 
the  solute  in  one  solvent  phase  is  greater  than  the  concentration  of  the 
solute  iii  the  other  solvent  phase).  This  difference  in  distribution  of  the 
solute  between  the  two  phases  can  be  used  to  concentrate  the  solute  in  a 
smaller  volume  of  solvent.  The  operation  can  be  conducted  as  a  batch 
process  or  by  contact  of  the  solvent  with  the  feed  in  staged  or  continuous 
contact  equipment. 

The  solvent  extraction  process  is  most  suitable  for  the  pretreatment 
of  aqueous  waste  streams  with  high  levels  of  organic  constituents.  The 
process  is  suitable  for  removal  of  valuable  materials  from  waste  streams 
since  the  organic  contaminant  is  not  destroyed  in  this  treatment,  but  is 
simply  transferred  from  the  aqueous  phase  to  the  organic  phase.  This  is 
advantageous  for  one  or  more  of  the  following  reasons: 

A  smaller  volume  of  waste  to  be  treated  is  produced,  i.e.,  the 
contaminant  is  removed  from  the  original  wastewater  and  is  concen¬ 
trated  in  the  organic  phase. 

•  If  the  organic  phase  is  to  be  subsequently  separated  from  the 
aqueous  phase  by  distillation,  less  energy  is  required  sin'e  the 
solvent  has  a  lower  heat  of  vaporization  than  the  original  waste- 
water. 

•  If  the  solvent  is  of  little  economic  value  and  combustible,  it 
can  be  incinerated  more  economically  than  the  contaminated  waste- 
water  steam. 

5.3.2  S'  at _o_f  t ho  Art 

5. 8. 2.1  General  Process  Description-- 

The  solvent  and  the  wastewater  are  contacted  in  one  or  more  stages  and 
separated  after  each  stage.  The  contacting  takes  place  in  an  agitated 
vessel,  and  another  vessel  is  used  to  permit  separation  of  the  phases  by 
density  differences.  The  two  phases  are  pumped  off  separately  and  can  be 
processed  further  in  consecutive  mixer/settlers.  Flow  is  generally  counter- 
current  in  this  operation. 

Alternatively,  continuous  contact  (generally  countercurrent)  can  be 
achieved  in  vertical  columns  such  as  spray  towers,  packed  towers,  and 
sieve-plate  towers.  Spray  towers  are  the  simplest  process:  the  lighter 
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Figure  5-22.  Process  flow  sheet  for  treatment  WET  stream  02.01.03  by  solvent 
extraction  with  di-isopropyl  ether  (DIPE). 


liquid  (added  at  the  bottom)  rises  continuously  through  the  heavier  liquid 
(added  at  the  top)  which  is  falling.  By  adding  packing  or  installing 
perforated  plates  in  the  tower,  improved  contact  is  obtai ned--al though 
costs  are  also  increased.  This  type  of  equipment  can  be  designed  so  that 
either  the  lighter  or  heavier  phase  is  dispersed  (i.e.,  droplets  of  light 
pha^e  rising  through  a  continuous  heavy  phase  or  droplets  of  heavy  phase 
falling  through  a  continuous  light  phase). 

5. 8. 2. 2  Process  Details-- 

A  simplified  flow  sheet  for  a  solvent  extraction  process  is  shown  in 
Figure  5-22.  This  shows  a  countercurrent  solvent  extraction  process 
with  solvent  regeneration  in  a  distillation  column  followed  by  solvent 
recycle.  Some  solvent  is  unavoidably  lost  due  to  solubility  of  the  solvent 
in  the  treated  wastewater;  this  loss  is  made  up  with  fresh  solvent. 

The  chemical  nature  of  the  waste  stream  will  determine  the  feasibility 
of  using  solvent  extraction  since  an  appropriate  solvent  for  each  application 
must  be  found.  An  appropriate  solvent  is  one  with  a  high  distribution 
coefficient  for  the  constituent  of  concern  (relative  to  water),  low  solubil¬ 
ity  in  water  (to  minimize  solvent  losses),  low  cost  and  low  heat  of  vapori¬ 
zation  (to  reduce  solvent  recovery  costs).  The  distribution  coefficient  is 
the  ratio  of  the  concentration  of  solute  in  solvent  to  the  concentration  of 
solute  in  wastewater  at  equilibrium. 

Of  additional  concern  are  the  environmental  aspects  of  the  solvent 
itself,  which  may  be  hazardous  or  present  a  volatile  emissions  problem. 
Solvents  typically  are  highly  volatile  organic  compounds.  Thus,  emissions 
from  the  pretreatment  operation  must  be  closnly  controlled.  In  addition, 
the  pretreated  wastewater  will  be  saturated  with  the  process  solvent  and 
tne  emissions  associated  with  volatilization  of  that  solvent  during  storage 
or  following  land  application  of  the  pretreated  wastewater  must  be  considered 
If  the  recovered  wastes  are  of  low  economic  value  they  may  be  incinerated 
with  or  without  energy  recovery.  In  such  cases,  appropriate  controls  on 
emissions  from  the  incineration  facility  are  required. 

The  components  removed  from  the  pretreated  wastewater  are  recovered  in 
concentrated  rorm  with  a  small  fraction  of  residual  solvent.  Ideally, 
these  materials  will  be  reused.  Where  reuse  is  impractical  (due  to  low 
economic  value,  low  purity,  or  the  complex  nature  of  the  recovered  byproduct) 


incineration  or  ultimate  disposal  (e.g.,  landfill)  of  the  concentrated 
byproduct  will  be  necessary. 

5. 8. 2. 3  Existing  Sites-- 

Solvent  extraction  is  widely  used  in  the  oil  refining  and  organic 
chemicals  industries.  In  addition,  waste  treatment  facilities  employing 
solvent  extraction  are  commonly  associated  with  coke  ovens  (and,  to  a 
lesser  extent,  other  iron  and  steel  processing  wastes)  and  pulp  and  paper 
processi  ng. 

Earhart  (1976)  has  reported  on  solvent  extraction  processes  applied  to 
the  treatment  of  organically  contaminated  wastewater  produced  in  refinery 
and  organic  chemicals  manufacturing  operations.  The  following  specific 
applications  were  cited: 

1.  n-Butyl  acetate  and  i sobuty1 ere  are  used  to  remove  phenol,  cresol 
and  to  decrease  the  chemical  oxygen  demand  (COD)  by  wastewater 
produced  in  crude  oil  refining. 

2.  1-Butylene  is  used  to  decrease  COD  in  cresylir.  acid  manufacturing 
wastewater. 

3.  Isobutane  is  used  to  decrease  COD  from  ethylene  plant  quench 
water. 

4.  The  wastewater  from  the  manufacture  of  ethylene  dichloride  is 
extracted  with  octario1  to  remove  chloral.  Octanol  is  sparingly 
soluble  in  this  wastewater  and  is  removed  by  subsequent  extraction 
with  isobutane. 

6.  n-Butyl  acetate  and  isobutylene  are  used  to  remove  phenol  from 
wastewater  produced  in  the  manufacture  of  phenol  formaldehyde 
res  in. 

6.  Methyl  i sobuty 1  ketone  is  used  to  remove  organics  from  hydrofiner 
wastewater. 

7.  Isobjtylene  is  used  t<  remove  aromatics  and  COD  from  styrene 
manufacturi ng  wastewater. 

Based  on  laboratory  and  pilot-scale  studies,  Pibble  (1980)  reported  on 
the  use  of  dodecyl phenol  as  a  solvent  for  extraction  of  caprolactam  from 
aqueous  streams.  The  concentration  of  caprolactam  was  reduced  from  600  mg/L 
to  30  my/L  by  extraction  with  a  10:1  watf'*  to  solvent  ratio.  In  addition 
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the  process  was  also  conducted  on  streams  containing  as  much  as  25  percent 
caprolactam. 

Ricker  and  King  (1980)  reported  on  the  removal  of  acetic  acid  from 
wastewater  using  ethylacetate  and  cyclohexane  as  solvents.  For  concentrated 
waste  streams  the  value  of  the  recovered  acetic  acid  exceeded  estimated 
treatment  costs.  Himmelstein  (1974)  reported  on  solvents  with  distribution 
coefficients  of  between  10  and  50  for  this  application. 

Woods  and  Slezak  (1973)  extracted  dispersed  oily  steel  mill  waste  with 
toluene  and  hexane  in  a  s;x-stage  laboratory  extraction  column.  By  using 
an  electrolyte  to  destabilize  the  colloidal  oil,  a  major  reduction  in 
turbidity  was  observed. 

hwang  (1981)  compiled  distribution  coefficients  for  89  different 
organic  priority  pollutants  in  approximately  20  different  organic  solvents. 
The  costs  for  solvent  extraction  were  found  to  be  "considerably  dependent" 
on  the  value  of  the  recovered  organics.  Kiezyk  and  Mackay  (1971)  have 
reviewed  the  application  of  solvent  extraction  tc  wastewater  treatment  for 
phenol  removal,  oily  water  treatment,  and  acetic  acid  recovery. 

5. 8. 2. 4  General  Economics-- 

Hwang  (1981)  addressed  cost-effectiveness  for  the  general  case  of 
solvent  extraction  treatment  of  aqueous  wastes  and  found  the  value  of 
recovered  materials  to  be  a  primary  importance.  A  capital  cost  of  $2  million 
(1981  $)  was  estimated  for  a  400  gal/min  wastewater  stream  that  required 
stainless  steel  equipment.  For  a  general  case,  Flwang  estimated  total  costs 
of  $11.30/1000  gallons  for  a  stream  of  this  flow  rate.  Makeup  solvent 
costs  are  responsible  for  a  large  part  of  the  operating  cost;  however, 
total  costs  can  be  offset  by  the  value  of  the  recovered  material. 

Ricker  and  King  (1980)  investigated  the  costs  of  removing  acetic  acid 
from  wastewater.  For  a  100  gal/min  stream  containing  5  percent  acetic 
acid,  the  installed  capital  cost  was  estimated  at  $1,030,000  (1978  $); 
operating  costs  were  estimated  at  $253 ,000/year.  This  resulted  in  a  return 
on  investment  of  244  percent/year.  For  a  1  percent  acetic  acid  stream  of 
the  same  volumetric  flow  rate,  the  return  on  investment  was  30  percent/year. 
These  costs  were  based  on  the  use  of  mixed  solvent  systems  of  long  chain 
aky 1  ami nes . 
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5.8.3  Example  Case 

5. 8. 3.1  WET  Stream  Chosen-- 

Stream  02.01.03,  "Phenol-Formaldehyde  Solution  from  Plastics  Production" 
is  an  aqueous  stream  containing  5  percent  phenol  and  2  percent  formaldehyde. 
It  has  a  flow  rate  of  1,600  kg/day. 

5. 8. 3. 2  Economics-- 

The  stream  chosen  is  relatively  low  in  volume,  although  well  suited 
chemically  for  solvent  extract  treatment.  Because  such  low-volume  waste 
streams  do  not  permit  economies  of  scale,  the  treatment  process  is  expensive. 
However,  it  is  possibile  to  treat  several  streams  together,  either  after 
transporting  them  to  a  central  facility,  of  by  combining  similar  streams 
produced  at  one  location.  Accordingly,  a  rough  cost  estimate  (±30%)  has 
been  made  for  treatment  of  a  stream  of  equal  concentration  and  ten  times 
the  volumetric  flow  rate  of  WET  stream  02.01.03. 

Installed  capital  cost  of  a  solvent  extraction/solvent  recovery  system 
for  this  stream  is  $210,000  (1983  $)  with  an  annual  operating  cost  of 
$40,000  and  a  total  annualized  cost  of  $34,217.  Such  a  system  would  remove 
118,181  kg  of  phenol  per  year.  The  unit  cost  is  thus  $0. 059/kg  waste 
stream  treated. 

A  process  flow  sheet  along  with  a  mass  balance  for  the  solvent  extrac¬ 
tion  treatment  of  WET  stream  02.01.03  by  extraction  with  di-isopropyl  ether 
is  given  in  Figure  5-22. 

These  data  are  simplified,  as  they  do  not  consider  other  organic 
material  present  in  the  wastewater.  In  an  actual  case,  a  significant 
amount  of  the  formaldehyde  in  the  wastewater  would  also  be  transferred  to 
the  solvent  phase.  The  recovered  byproducts  could  be  separated  in  the 
solvent  recovery  operation. 

Solvent  extraction  is  a  mature  technology  in  the  chemical  process 
industries  and  specific  industrial  wastes  have  been  treat'd  by  solvent 
extraction  for  many  years.  However,  use  cf  this  technique  for  the  removal 
of  volatile  constituents  from  a  hazardous  waste  stream  will  only  follow 
successful  laboratory  and  pilot  plant  studies  to  optimize  solvent  selection 
and  operating  conditions  (solvent  to  wastewater  ratio,  number  of  stages, 
etc).  Beyond  this,  for  a  wastewater  stream  of  constant  composition,  a : 1  of 
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the  uncertainties  are  economic  in  nature.  Typical  uncertainties  are  the 
future  values  of  the  recovered  constituent,  and  the  future  costs  of  the 
solvent  and  process  energy. 

5.8.4  Advantages  and  Disadvantages 

The  primary  advantage  of  solvent  extraction  is  that  the  extracted 
materials  can  be  recovered  for  sale  or  reuse.  The  primary  disadvantage  is 
that  the  removed  material  is  not  destroyed  and  in  cases  where  it  can  not  be 
sold  or  reused  additional  costs  are  incurred  for  final  disposal.  This  may 
be  the  case  where  the  removed  volatile  material  is  of  little  economic  value 
or  where  a  numoer  of  components  are  removed  from  a  waste  stream  together 
and  are  not  easily  separated  for  individual  rerse.  Two  additional  disadvan¬ 
tages  are  important.  First,  there  is  the  unavoidable  contamination  of  the 
pretreated  wastewater  with  a  small  amount  of  solvent  which,  if  it  is  highly 
volatile,  may  present  emissions  problem  itself.  Second,  there  is  the 
potential  emissions  of  solvent  from  the  actual  extraction  and  solvent 
regeneration  o,arations. 

5.8.5  Recommendations  for  Further  Stuay 

Initial  laboratory  studies  to  determine  the  optimal  solvent  must  be 
conducted  for  each  individual  waste  stream  considered  for  pretreatment  by 
solvent  extraction.  This  is  necessary  because  the  presence  of  wastewater 
components,  other  than  the  components  to  be  removed,  can  influence  the 
distribution  coefficients.  Following  laboratory  selection  of  a  solvent, 
pilot  studies  are  required.  These  are  necessary  to  determine  mass  transfer 
rates  for  sizing  equipment,  as  well  as  to  optimize  the  solvent  to  wastewater 
ratio  and  other  operating  conditions. 

5.9  DHYSICAL  SEPARATION 

5.9.1  Introduction 

Physical  separation  as  applied  to  hazardous  waste  pretreatment  involves 
the  separation  of  two  liquid  phases  or  the  separation  of  a  solid  phase  from 
a  liquid  phase.  For  example,  two  liquid  phases  may  be  separated  into  an 
organic  phase  containing  volatile  materials  and  an  aqueous  phase  containing 
much  lower  levels  of  dissolved  organics.  This  may  be  accomplished  in  some 
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cases  by  allowing  the  phases  to  separate  in  a  tank  and  then  either  skimming 
the  phase  of  lower  density  (usually  the  organic  phase)  or  decanting  the 
phase  of  higher  density.  More  complex  wastes,  where  the  two  phases  may  be 
dispersed  or  emulsified,  may  require  the  addition  of  chemicals  to  promote 
ph.CSC  jcpai  d  i  I  un. 

The  advantages  of  such  a  separation  are  substantial.  A  large  reduction 
in  the  volume  of  hazardous  waste  may  be  achieved,  and,  in  some  cases,  both 
Dhases  can  be  reused.  In  other  cases,  the  recovered  organic  phase  may  be 
incinerated  while  the  aqueous  phase  is  suitable  for  land  application. 

In  cases  where  a  so’id  phase  is  to  be  separated  from  a  liquid  phase, 
the  separation  can  be  brought  about  by  gravity  or  nitration.  The  physical 
form  of  the  waste  streams  i.an  range  from  dilute  suspensions  of  fine  parti¬ 
cles  in  a  1 i q u i d ,  to  heavy  sludges  consisting  primarily  of  solid  matter 
suspended  within  a  liquid  phase.  The  compounds  responsible  for  potential 
hazardous  emissions  may  be  present  in  either  phase.  In  cases  where  the 
waste  is  composed  of  particles  suspended  in  a  liquid  that  contains  dissolved 
hazardous  compounds,  the  particulate  matter  may  be  removed  to  simplify 
further  processing  of  the  liquid  phase  (e.g.,  pumping,  distillation,  strip¬ 
ping,  etc. ). 

Separation  of  liquids  from  solids  can  be  accomplished  by  sedimentation 
(with  or  without  flocculation  or  coagulation),  centrifugation,  flotation, 
filtration,  or  drying.  Separation  of  two  liquid  phases  can  be  accomplished 
by  skimming  or  decanting  (with  or  without  further  chemical  treatment). 

5.9.2  State  of  the  Art 

5. 9. 2.1  General  Process  Doscri ption-- 

5. 9. 2. 1.1  Sol  id/ 1 i quid  separation--Sedlmentati on  is  a  process  designed 
ta  remove  suspended  solids  from  liquids.  Particles  of  greater  density  than 
the  stream  in  which  they  are  suspended  fall  to  the  bottom  of  a  tank  where 
they  are  removed  mechanically  along  with  some  of  the  liquid;  the  treated 
liquid,  which  is  relatively  particle  free,  is  allowed  to  overflow.  The 
process  is  typically  operated  in  a  continuous  mode.  Equipment  size  is 
determined  by  observing  settling  velocities  in  a  aborator>  and  designing  a 
sedimentation  tank  with  sufficient  residence  time  for  the  particle  to  reach 
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the  bottom.  This  residence  time  is  determined  primarily  by  the  difference 
in  density  between  the  particles  and  the  suspending  liquid,  and  the  size  of 
the  particles  (which  affects  drag  forces). 

Removal  efficiencies  can  he  improved  by  flocculating  and  coagulating 
small  particles  to  produce  larger  particles  that  settle  more  rapidly.  A 
wide  range  of  chemicals  are  available  to  promote  this  action.  Selection  of 
the  chemical  to  be  used  depends  on  the  cnemical  nature  of  the  particulate 
matter.  The  basic  principle  of  coagulation  is  to  alter  the  surface  charges 
of  the  particles  to  make  them  more  likely  to  combine.  This  action  can  be 
promoted  by  gentle  agitation  (flocculation)  in  a  separate  vessel  where  the 
particles  bump  against  each  other  to  promote  interparticle  adhesion. 

Centrifugation  accelerates  the  waste  stream  centri fugal ly  thus  causing 
the  heavier  component  (usually  the  solid)  to  concentrate  on  the  outer 
extreme  of  the  centrifuge  where  it  can  be  removed  in  a  concentrated  form. 
Rapid  rotation  can  greatly  increase  the  acceleration  and  thus  shorten 
processing  times  (compared  to  sedimentation)  at  the  expense  of  increased 
energy  cost. 

The  flotation  process  is  the  reverse  of  sedimentation.  The  lighter 
particles  rise  to  the  top  of  the  tank  where  they  are  skimmed  or  allowed  to 
overflow.  A  modification  of  this  operation,  referred  to  as  dissolved  air 
flotation,  employs  air  bubbles  which  adhere  to  the  particles  and  decrease 
the  density  of  the  particle/bubble  combination,  and  thus  promote  the  trans¬ 
port  of  particles  to  the  top  of  the  vessel. 

Filtration  involves  forcing  of  the  liquid-solid  mixture  through  a 
porous  medium  that  traos  the  particles  arid  allows  the  liquid  to  pass  through. 
This  can  be  accomol i shed  using  applied  external  pressure  or  gravity. 

Filter  media  ranqe  from  fabrics  to  sand  beds.  Drying  involves  the  separa¬ 
tion  and  removal  of  the  liquid  from  the  liquio-solid  mixture  by  evaporation. 

5.9 .2.1.2  Liquid-1 iquid  separations- -Immiscible  liquids  will  separate 
under  the  force  of  gravity.  Thus,  a  mixture  of  two  immiscible  liquids, 
typicdlly  an  organic  and  an  aqueous  phase,  may  separate  if  stored  in  a 
tank,  and  the  phase  of  lower  density  can  be  skimmed  from  ti.e  top.  Separation 
may  be  complicated  by  the  formation  of  emulsions.  Various  chemical  treat¬ 
ments  may  be  attempted  in  this  case  to  separate  phases  and  permit  skimming 
of  the  . ighter  pi ase. 
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5. 9. 2. 2  Appl ications-- 

Rosenberg  et  al.  (1976)  have  described  practices  for  the  seoaraLion  of 
sludges  and  oily  liquids  generated  in  a  refinery.  Leaded  gasoline  sludge 
is  commonly  treated  by  al  owing  organic  lead  to  evaporate  into  the  atmosphere 
and  liquids  to  drai-n  by  gravity  to  a  sewer.  Oily  wastewater  is  treated  in 
A.P.I.  separators  co  separate  floating  oil.  Following  this  treatment, 
additional  oil  may  be  removed  with  di ssol ved-ai r  flotation.  Some  sludges 
are  subjected  to  centrifugation  or  vacuum  filtration  to  remove  liquids  and 
thereby  reduce  the  volume  of  solids  to  be  iandfiiled. 

0 ' Shaughnessy  et  al.  (1981)  described  the  removal  of  pigments  from 
Pexographic  ink  us^ng  chemical  coagulation,  followed  by  centrifugation  and 
filtration;  this  reduces  the  volume  of  the  sludge  to  5  percent  of  the 
original  volume.  Lessells  (1980)  reported  that  evaporation  of  volatile 
material  from  the  solids  was  a  lower  cost  (both  capital  and  operating) 
method  of  treatment  for  this  stream.  McLaughlin  et  al.  (1980)  used  cationic 
and  nonionic  Dolymers  to  flocculate  colloidal  dirt  from  woolscour  effluent 
orior  to  removal  by  di ssol ved-ai r  flotation. 

In  the  iron  and  steel  industry,  a  15  million  gal/day  me  t  shop  and 
rolling  mill  wastewater  stream  is  treated  through  a  combination  of  sedimen¬ 
tation  and  oil  skimming  in  a  vessel  of  1  million  ga'lon  capacity.  Capital 
cost  for  this  system  at  Republic  Steel  was  reported  as  $19  million  (Iron 
and  Steel  Engineer  1979).  Hammann  (1978)  reported  on  polystyrene  filter 
media  used  to  remove  75  percent  of  suspended  solids  from  rolling  mill 
effluent.  The  Chrysler  Corporation  treats  oily  waste  from  a  casting  plant 
in  d  batch  skimmer,  after  which  emulsion  breaker,  polymer,  alum,  and  caustic 
is  added  to  float  more  oil  which  is  then  reskimmed  (Harlow  and  Doran  1931). 

Schematics  for  typical  separation  processes  are  snown  in  Figures  5-23 
through  5-28.  In  a  sedimentation  process  (Figure  5-23),  the  wastewater  is 
pumped  to  a  tank  where  chemicals  such  as  polymers  or  alum  are  added.  Rapid 
mixing  is  provided  to  dissolve  these  chemicals.  The  wastewater  then  flows 
to  a  flocculation  tank  where  it  is  agitated  gently  to  promote  combination 
of  the  particles.  Finally,  the  flocculated  wastewater  flows  to  the  sedime  itation 
tank  where  particles  drop  to  the  bottom  and  are  pumped  out  as  a  sludge. 

Tha  treated  wastewater  then  overflows.  This  process  is  applicable  to  rela¬ 
tively  dilute  suspensions  of  particles  (<1  percent).  These  particles 
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Figure  5  24.  Process  flow  sheet  for  dissolved  air  flotation. 
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Figure  t>25.  Process  flow  sheet  for  sand  filtration.  Figure  5  26.  Process  flow  sheet  for  vacuum  filtration. 
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Figure  5-27.  Process  flow  sheet  for  centrifugation.  Figure  5  26.  Process  flow  sheet 

for  a  hydrocyclone. 


are  recovered  in  more  concentrated  form  but  the  sludge  is  rarely  more  than 
5  percent  solids.  Even  though  the  solids  are  not  highly  concentrated,  a 
large  reduction  in  volume  has  been  achieved.  In  the  event  that  the  solids 
renresent  the  hazardous  component,  tho  smaller  volume  can  be  processed  more 
easily.  In  the  more  common  case,  where  the  volatile  material  stays  in  the 
liquid  phase,  removal  of  solids  simplifies  additional  processing  such  as 
distillation,  steam  stripping,  solvent  extraction,  and  carbon  adsorption. 

Figure  5-24  gives  a  schematic  of  a  dissolved  air  flotation  system. 

In  this  process,  some  of  the  effluent  is  saturated  with  air  at  elevated 
pressure  and  returned  to  the  tank.  Tne  air  is  released  in  the  form  of 
small  bubbles  which  attach  to  particles  present  in  the  effluent.  The 
particles  are  brought  to  the  surface  where  they  overflow  or  are  skimmed. 

The  process  is  applicable  to  streams  suitable  for  sedimentation,  but  it  is 
also  suitable  for  streams  containing  dispersed  oil  and  grease.  Unlike 
sedimentation,  the  oil  droplets  are  removed  along  with  the  heavier  particu¬ 
lates  as  a  concentrated  sludge.  Removal  efficiencies  of  90+  percent  can  be 
obtained.  The  presence  of  air  bubbles  in  the  wastewater  may  promote  strip¬ 
ping  of  volatile  materials,  and  the  extent  of  such  emissions  must  be  deter¬ 
mined  from  pilot-scale  experiments. 

Filtration  is  commonly  applied  to  separate  solids  from  liquids.  The 
simplest  type  of  gravity  filter  is  shown  in  Figure  5-25.  lr  this  process 
wastewater  is  passed  through  a  bed  of  sand  which  retains  the  particles  and 
permits  clear  liquid  to  pass  through.  The  particles  are  later  recovered  by 
backwashing  the  filter  with  some  of  the  treated  effluent.  This  produces  a 
concentrated  suspension  of  particles  since  only  a  small  fraction  of  the 
treated  water  is  used  for  backwashing,  and  up  to  99  percent  removal  can  be 
achieved  using  this  method. 

A  rotary  vacuum  filter  is  shown  in  Figure  5*26.  In  this  technology  a 
drum  covered  with  a  porous  filter  material  is  rotated  through  a  trough  ?f 
wastewater.  A  vacuum  is  applied  to  the  inside  of  the  drum,  causing  liquids 
to  penetrate  and  solids  to  accumulate  on  the  outside  of  the  drum  as  a 
filter  cake.  These  solids  are  scraped  off  as  the  drum  rotates.  This 
equipment  is  best  suited  to  concentrated  solid-liquid  mixtures  (>1  percent) 
and  produces  a  concentrated  stream  of  solids.  The  dryness  of  the  solids  is 
determined  by  the  rotational  speed  and  the  applied  vacuum.  At  slow  speeds, 
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a  drier  solid  stream  is  produced  as  more  time  is  available  for  residual 
moisture  to  be  sucked  through  the  filter. 

A  rotating  basket  centrifuge  is  shown  in  Figure  5-27.  In  this  equipment, 
a  sol  id- 1 i qui d  mixture  is  fed  to  the  inside  of  a  porous  rotating  basket. 
Liquids  are  forced  through  the  basket  by  centrigugal  force  and  removed. 

Solids  are  scraped  continuously  from  the  inside  of  the  basket  and  removed 
separately.  The  process  is  suitable  for  concentrated  (>1  percent  solids) 
suspensions  and  can  be  up  to  99  percent  efficient  for  removing  solids  from 
the  liquid  phase.  The  solids  are  recovered  as  a  thick  dry  ( < 90  percent 
liquid)  sludge. 

A  hydrocyclone  is  shown  in  Figure  5-28.  This  device  also  operates 
using  centrifugal  force.  Wastewater  containing  a  low  concentration  of 
particles  is  accelerated  around  the  inside  of  a  cone.  The  denser  particles 
move  preferentially  to  the  will  and  are  eventually  removed  at  the  bottom  of 
the  device.  The  particle-free  liquid  is  removed  from  the  top. 

5.  9. 2.  3  Existing  Appl  icatio.ts-- 

The  techniques  of  physical  separation  are  in  general  use  in  the  chem¬ 
ical  processing  industry  and  in  municipal  and  industrial  waste  treatment 
systems.  A  selected  list  of  applications  is  given  in  Table  5-29. 

5  9.2.4  General  Economics-- 

Kiang  and  Metry  (1982)  estimated  that  a  centrifuge  system  with  a  dry 
solids  capacity  of  5  45  Mg/d ay  would  have  an  installed  capital  cost  of  approx¬ 
imately  1140,000.  Total  capital  and  operating  costs  for  centr i f ugation 
were  estimated  at  $22-$19/Mq  dry  solids  removed.  Vacuum  filtration  costs 
were  in  the  same  range.  Granular  media  filters  (including  sand  filt°rs) 

»'ere  estimated  to  cost  10.027  to  10.13/1,000  liters  of  wastewater  treated. 

5.9  3  Example  Case 

5.9.3.  1  WET  Stream  05. 01. 03- 

Sludge  from  tin  plating  mill  operations  was  chosen  because  of  its  high 
fraction  of  solids  (estimated  at  10  percent).,  its  toxicity  (high  concen¬ 
trations  of  encomium  and  lead),  and  the  presence  of  oil  and  grease  in  the 
liquid  phnse  which  will  require  further  treatment  to  prevent  volatile 
em i ss ions. 
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TABLE  5-29.  APPLICATIONS  USING  PHYSICAL  SEPARATION  EQUIPMENT 


Cent  ri f uges 

Purification  of  used  oil 

Food  processing 

Pharmaceuticals 

Dewatering  of  municipal  sewage  sludge 

Pigment  wastev/aters 

Vacuum  filtration 

Purification  of  oil 

Mineral  processing 

Pulp 

Pi gment 

Sewage  sludge 

Sand  filters 

Potable  water 

Sedimentati on 

Iron  and  steel  wastes 

Mineral  processing 

Food  processing 

Sewage 

Textile  wastes 

Metal  finishing 

Dissolved  air  flotation 

Sewage 

Textiles  wastewater 

Iron  and  steel  wastewater 
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5. 9. 3. 2  Process  Details-- 

A  process  flow  sheet  for  the  removal  of  solids  from  this  stream  is 
shown  in  Figure  5-29,  and  a  mass  balance  for  this  process  is  given  in 
Table  5-30.  The  process  is  straightforward,  but  it  is  only  a  separation 
step  with  no  destruction  of  either  the  toxic  metals  or  the  potentiaHy 
volatile  organics.  A  concentrated  volume  of  sludge  material  is  produced  to 
simplify  landfilling,  and  the  liquid  is  amenable  to  pumping  and  further 
processing  as  needed.  The  possibility  also  exists  to  upgrade  the  liquid 
for  reuse. 

The  major  design  variable  is  the  sizing  of  the  centrifuge  which  is 
dependent  on  the  volumetric  flow  rate  of  the  wastewater  and  the  difference 
in  density  between  the  solids  and  liquids. 

5. 9. 3. 3  Economics-- 

A  4-inch  tubular  bowl  centrifuge  has  an  approximate  purchase  price  of 
$25,000  (Perry  and  Chilton  1973;  adjusted  to  1933  $).  Installation  includ¬ 
ing  auxilliari°s  and  control  equipment  is  estimated  to  be  2^0  percent  of 
the  purcnase  price,  yielding  a  total  capital  cost  of  approximately  $88,000. 
Based  on  the  ratio  of  capital  to  operatinq  costs  given  by  Kiang  and  Metry 
(1982)  annual  operating  costs  would  be  approximately  $10,000. 

As  an  intermediate  step  (which  simpiifys  further  processing)  to  reduce 
volatile  emissions,  the  cost  effectiveness  of  centri fi gat ‘ on  can  only  be 
assessed  in  terns  of  downstream  prccessirg.  If  an  bJ  percent  reduction  in 
volume  for  land  treatment  could  be  effected,  centrifugation  of  this  waste 
might  save  approximate ly  $32,000  in  disposal-related  costs. 

5.9.4  Advantages  and  Disadvantages 

The  main  advantages  of  physical  separation  lor  waste  pre-treatment  are 
reduced  volume  (di.  '  o  concentration  of  the  hazardous  material  in  one  of 
the  phases)  and  tr.f  simplification  of  downstream  processing  due  to  removal 
of  solids.  Neither  phase  is  destroyed  and  recovery  and  reuse  is  possible. 
In  cases  where  oily  wastes  are  concentrated,  the  recovered  material  "ay  be 
suitable  fer  incineration  with  energy  recovery.  If  incineration  with 
auxill iary  fuel  is  required,  the  concentrated  stream  may  be  more  readily 
incinerated  at  lower  cost. 
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WET  stream  05.01.03  (sludge  from  tin  plating). 


TABLE  5-30.  MASS  BALANCE  FOR  TREATMENT  OF  WET 
STREAM  05.01.03  BY  CENTRIGUAT ION 


kg/day 


IN:  Wastewater 


Sol i ds 

• 

820 

Li auid 

7,380 

8,200 

Treated  wastewater 

Sol i ds 

<7 

Liquid 

6,560 

6,560 

SI udge 

Sol i ds 

820 

Liquid 

820 

1,640 
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The  disadvantage  of  these  processes  is  that  the  hazardous  material  is 
only  concentrated  and  not  destroyed,  so  that  further  processing  of  both 
streams  is  required.  In  some  cases,  emissions  from  separation  processes 
will  require  control.  Sedimentation  tanks  are  commonly  designed  with  large 
open  surface  areas  and  emissions  of  volatiles  may  occur  during  processing. 
Dissolved  air  flotation  systems  may  promote  volatilization  due  to  stripping 
of  volatiles  components  from  the  liquid  by  air  bubbles. 

5.9.5  Recommendations  for  Further  Study 

Individual  waste  streams  must  be  tested  to  optimize  residence  times 
and  equipment  size.  Most  of  the  separation  techniques  discussed  are  stand¬ 
ard  practice  in  various  industries.  The  adaptation  of  these  techniques  to 
different  waste  streams  is  also  one  of  the  responsibl ities  of  equipment 
vendors. 
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SECTION  6 


FRETREATMENT-WASTE  stream  applicability 


To  provide  an  indication  of  the  applicability  of  the  pretreatment 
techniques  discussed  in  Section  5  for  removal  of  volatile  constituents 
(i.e..  compound  with  a  significant  vapor  pressure  at  ambient  conditions) 
from  all  of  the  WET  Model  streams*,  a  matrix  has  been  developed  and  is  shown 
in  Table  5-1.  It  should  be  noted  chat  the  WET  Model  stream  information 
herein  is  based  on  preliminary  data.  The  data  on  stream  composition  and 
generation  rate  is  likely  to  change  as  the  model  is  updated.  This  matrix 
has  been  constructed  by  assigning  a  letter  grade  to  every  combination  of 
pretreatment  technique  and  waste  stream  conc-ti tuent.  The  grades  and  the 
criteria  by  which  a  grade  is  assigned  are: 

A  -  Demonstrated  at  a  commercial  scale  for  volatile  removal 
from  a  similar  hazardous  waste  stream. 

B  -  Pi rectly  appl icable  to  volatile  removal.  A  clear  candidate 
for  technology  transfer  (in  use  on  some  process  streams  at 
a  scale  appropriate  to  hazardous  waste  pretreatment). 

C  -  Probably  appl icable.  May  require  a  slight  process  design 

change  (for  example,  a  preconditioning  step  upstream  of  the 
process)  or  modest  scale-up. 

D  -  May  be  appl icable.  Not  demonstrated  on  a  commercial  scale 
either  for  general  process  streams  or  for  hazardous  waste 
streams.  Proof  of  concept  needed  for  application  to  volatile 
removal  from  hazardous  waste  streams. 

E  -  Not  appl icable.  Not  conceptually  valid  for  volatile  removal 
from  hazardous  waste  streams. 

Note  that  in  Table  6-1,  a  grade  has  been  assigned  to  each  volatile 
component  in  each  waste  stream.  This  was  done  since  it  \  as  deemed  that  a 
distinction  between  the  applicability  of  a  technique  to  a  stream  versus  the 
applicability  of  a  technique  to  a  component  in  a  stream  was  needed.  Thus, 

*Waste  streams  are  described  in  Appendix  C. 
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for  example,  the  reader  can  see  that  stream  01.03.01  contains  both  cyanide 
and  phenol.  Chemical  oxidation  for  the  removal  of  cyanide  from  this  stream 
is  "demonstrated"  (i.e.,  is  assigned  an  "A")  whereas  chemical  o<idation  for 
the  removal  of  phenol  from  this  same  stream  is  "directly  applicable"  (i.e., 
is  assigned  a  "B"). 

One  should  also  note  that  the  pretreatment  category  discussed  under 
the  general  subject  of  adsorption  (Section  5.3)  has  been  divided  for  the 
purposes  of  this  matrix  as  follows: 

•  Carbon  adsorption 
Resin  adsorption 

•  Air  stripping/adsorption 

•  Evaporation/adsorption 

This  was  done  for  several  reasons.  First,  adsorption  is  an  extremely 
general  te^m,  even  in  the  context  of  this  report,  and  some  further  defini¬ 
tion  of  this  pre* ; eatment  technique  was  needed.  Second,  adsorption  is  one 
of  the  more  generally  applicable  pretreetment  techniques  and  thus  further 
definition  a1 lows  the  reader  to  ascertain  more  specifically  what  t>pe  of 
adsorption  pretreatment  is  best  for  removal  of  certain  volatile  constitu¬ 
ents  on  certain  streams. 

The  appl icabi 1 i ty  rating  presented  in  Table  6-1  was  not  generated  by 
using  rigorous  quantitative  assessment  of  pretreatment  technique-waste 
steam  compatibility.  Such  attempts  encountered  numerous  difficulties,  some 
of  which  are  enumerated  oelow: 

•  A  lack  of  information  regarding  the  bulk  characteristics, 
i.e.,  physical  and  chemical  properties,  of  the  waste  streams. 

•  The  uncertainty  associated  with  the  available  quantitative 
data,  e.g.,  stream  composition  and  hulk  property  data. 

After  several  attempts  at  defining  more  rigorous  criteria  for  assessing 
co(Tvatibi  1  i ty ,  it  was  judged  that  such  an  approach  would  net  be  possible 
without  more  detailed  data  on  the  individual  wc  te  streams.  It  was  there¬ 
fore  decided  to  use  engineeri  y  judgment,  albeit  subjective  in  many  cases, 
in  assessing  the  applicability  of  the  selected  prptreatment  techniques  to 


WEI  Model  waste  streams.  Regardless  of  the  limitations,  however,  Table  6-1 
does  serve  as  a  rough  guide  to  establish  what  pretreatment  techniques  may 
be  applicable  to  volatile  removal  from  specific  WET  Model  hazardous  waste 
streams. 

Although  no  comprehensive  interpretation  of  the  information  in  Table 
6-1  har  been  attempted  (due  primarily  to  the  limitations  discussed  above), 
several  general  conclusions  can  be  drawn: 

•  Carton  adsorption  is  one  of  the  most  generally  applicable 
techniques  for  volatile  removal.  When  coupled  with  air 
stripping  or  evaporation,  a  great  many  of  the  WET  model 
streams  can  be  oretreated  using  this  technique. 

Other  techniques  that  are  widely  applicable  include  steam 
stripping,  distillation,  and  biological  treatment. 

The  remaining  techniques  generally  require  further  study  and 
development  before  they  can  be  considered  either  demonstrated 
or  directly  applicable  to  hazardous  waste  pretreatment. 

One  should  not  assume  that  the  above  judgments  apply  universally  to 
all  hazardous  waste  streams.  First,  the  information  in  the  WET  Model, 
which  is  the  basis  of  Table  6-1,  contains  only  limited  information  about 
the  waste  streams  that  are  listed.  Second,  tnere  may  be  important  waste 
streams  that  the  WET  Model  does  not  list  due  to  the  method  in  which  the 
data  were  obtained.  However,  based  on  the  information  and  analysis  herein, 
the  above  conclusions  can  be  drawn.  Further  definition  of  the  most  applic¬ 
able  pretredt.nent  techniques  is  clearly  an  area  tor  further  study. 

For  a  detailed  discussion  on  t^e  limitations  of  the  WET  Model,  see 
Section  3. 
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APPENDIX  A 


PROCESS  ECONOMICS 

This  section  describes  the  underlying  assumptions  behind  the  process 
costs  and  cost-effectiveness  calculations  for  the  pretreatment  techniques. 

The  cost  factors  for  each  example  pretreatment  process  in  Section  5  are 
presented  in  more  detail  in  this  chapter. 

The  cost  of  a  process  depends  on  many  factors,  including  the  volatile 
removal  efficiency,  the  scale  of  the  process,  and  the  process  design.  In 
this  report,  the  cost  estimates  for  waste  pretreatr.ient  do  not  reflect  cost 
optimisation  of  the  design.  In  addition,  there  was  no  analysis  of  cost 
effectiveness  as  a  function  of  the  volatile  removal  efficiency.  However, 
insofar  as  the  hazardous  waste  streams  are  typical  of  the  application  the 
pretreatment  technique,  the  volatile  removal  efficiency  (kg  volatile  removed/kg 
volatile  in  the  stream),  unit  cost  ($/kg  stream  treated),  and  cost  effec¬ 
tiveness  ($/kg  of  volatile  removed)  are  typical  of  what  may  be  expected  if 
the  pretreatment  technique  were  used  on  other  streams  of  a  similar  nature. 

The  cost  assumptions  and  elements  are  presented  in  Tables  A-l  through  A- 12 
for  each  pretreatment  technique.  The  cost  effectiveness  is  expected  to  be 
much  more  sensitive  to  the  volatile  concentrations  in  the  waste  stream  than 
is  the  unit  cost  because  the  volatile  concentration  typically  varies  over 
several  orders  of  magnitude  wiile  the  mass  of  stream  treated  typically 
varies  over  about  one  oroer  of  magnitude. 

Table  A-13  summarizes  the  removal  efficiency,  unit  cost,  and  cost 
effectiveness  of  the  various  pretreatment  techniques  examined  in  this 
report.  The  wide  range  of  unit  cost  and  cost  effectiveness  indicates  that 
no  universal  judgment  can  be  made  about  the  cost  of  hazardous  waste  pretreat¬ 
ment  without  a  clear  understanding  of  the  chemical  and  physical  nature  of 
the  waste  stream  and  the  process  by  which  the  volatile  is  to  be  removed. 

The  limitations  of  the  cost  information  in  Table  A-13  (exclusive  of  the 
fact  that  it  is  developed  for  only  one  "typical"  waste  stream)  include: 
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The  removal  efficiency  has  been  arbitrarily  selected,  albeit 
using  sound  engineering  judgment,  as  a  rough  estimate  of  what 
might  be  economically  optimum.  With  few  exceptions,  all  of 
the  pretreatment  techniques  could  be  designed  and  operated 
for  very  high  volatile  removal  efficiencies  if  cost  were  of 
no  consequence. 

The  unit  rost  should  be  regarded  as  an  order-of-magni  tude 
estimated  at  ±  50  percent,  in  dubulutc  terms.  However,  com¬ 
parison  between  pretreatment  techniques,  i.e.,  relative 
cost,  may  be  more  accurate.  The  reader  should  refer  to  the 
approDriate  part  of  Section  5  to  determine  exactly  what 
equipment  is  included  in  the  cost  estimate.  In  some  cases, 
conditioning  of  a  particular  hazardous  waste  stream  may  be 
required  although  tins  is  not  included  in  the  unit  cost. 

The  cost  effectiveness  calculations  are  based  on  the  assumed 
removal  efficiency  and  the  unit  cost  and  are  thus  subject  to 
the  same  limitations. 


The  examples  are  developed  for  the  pretreatment  of  hazardous 
waste  streams  to  remove  volatiles,  not  to  remove  or  destroy 
all  hazardous  components  in  the  stream.  Thus  the  stream 
may  still  contain  hazardous  components  after  pretreatment . 
Conversely,  the  removal  of  some  nonvolatile  constituents  is 
inherent  in  some  of  the  pretreatment  techniques  listed.  For 
example,  chemical  oxidation  will  convert  any  readily  oxidiz- 
able  organic  constituent  whether  it  is  volatile  or  not. 

The  information  in  Table  A- 13  is  based,  in  most  cases,  on  an 
estimated  "average"  throughput  (kg/day)  from  the  WET  Model. 
Thus,  economies  of  scale  are  not  considered.  Another  impor¬ 
tant  implication,  besides  cost,  of  a  different  scale  of 
equipment  (i.e.,  different  throughput/  is  that  fundamental ly 
new  process  equipment  or  flow  configurations  may  be  required, 
usually  for  economic  reasons. 


In  many  examples  it  is  assumed  that  the  recovered  product  can 
be  sold  for  a  recovery  credit.  This  credit  often  significantly 
reduces  treatment  costs.  There  may  be  waste  treatment  situations 
where  no  marker  exists  for  the  recovered  product  and  instead 
additional  byproduct  disposal  costs  will  be  incurred 


The  reader  is 
example  processes, 
further  discussion 
wastes. 


referred  to  Section  5  for  a  discussion  of  each  of  the 
In  addition,  Berkowitz  et  al.  (1978)  is  recommended  for 
of  relevant  unit  operations  for  the  treatment  of  hazardous 
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TABLE  A-l.  ANNUALIZED  COST  ESTIMATES  FOR  THE  PRETREATMENT 
OF  WASTE  STREAM  02.02. 14  BY  CARBON  ADSORPTION 


CDS?  CLEMENT 


ALL  COSTS  IN  1983  DOLLARS 


INFLUENT  PUMP  STATION  21219 
CARBON  COLUMNS  <2  pulaad  bad  contactor*)  181000 
CARBON  REGENERATION  SYSTEM  1925000 
CARBON  INVENTORY  128000 

FIELD  COST  2250000 
TOTAL  INSTALLED  COST  3180000 


ANNUALIZED  COSTS 


MAINTENANCE  (5*)  159000 

FUEL.  STEAM,  AND  WATER  903000 

ELECTRICITY  41200 

CARBON  MAKEUP  704",00 

TAXES.  INSURANCE.  ADMINISTRATION  <4*>  127200 

OPERATING  LABOR  540000 

PRODUCT  RECOVERY  CREDIT  0 

BYPRODUCT  DISPOSAL  COST  0 

ANNUAL  OPERATING  COST  2475100 

CAPITAL  RECOVERY  <16. 3*)  518340 

TOTAL  ANNUALIZED  COST  2993440 

BENZENE  REMOVAL  FROM  WASTE  STREAM  (Hg/Yr)  778 

TOLUENE  REMOVAL  FROM  WASTE  STREAM  (Mg/Yr)  622 

PHENOL  REMOVAL  FROM  WASTE  STREAM  (Mg/Yr)  467 

TOTAL  VOLATILE  REMOVAL  <Mg/Yr)  1867 

COST  EFFECTIVENESS  OF  VOLATILE  REMOVAL  <«/Mg)  1604 

OUANTITY  OF  STREAM  TREATED  (kg/day)  4260C0 

COST  OF  WASTE  TREATMENT  <»/kg  waata)  0.0192516 


Total  capital  coat  includaa  conatructlon  faa  (10  parcant) ,  contingancy 
(15  parcant),  anglnaaring  (15  parcant) ,  and  atartup  <1  parcant). 

Electricity  at  <•  05/kwh). 

Capital  racovary  factor  for  10-yaar  llxatlaa  at  10  parcant. 
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TABLE  A-2.  ANNUALIZED  COST  ESTIMATES  FOR  THE  PRETREATMENT 
OF  WASTE  STREAM  02.02.16  BY  RESIN  ADSORPTION 


COST  ELEMENT 


ALL  COSTS  IN  1983  DOLLARS 


RESIN  ADSORPTION  COLUMNS 
SOLVENT  RECOVERY  SYSTEM 
RESIN  IRVE.JTORY 

FIEuD  COST 

TOTAL  INSTALLED  COS' 


ANNUALIZED  COSTS 

MAINTENANCE  <3*> 

STEAM 

ELECTRICITY 
RESIN  MAKEUP 

TAXES.  INSURANCE.  ADMINISTRATION 

OPERATING  LABOR 

SOLVENT 

WATER 

PRODUCT  RECOVERY  CREDIT 
ANNUAL  OPERATING  COST 
CAPITAL  RECOVERY  '16. 3*:) 

TOTAL  ANNUALIZED  COST 


240000 

600000 

1440000 

2280000 

3214800 


160740 

276000 

12300 

40000 

<4*>  128592 

126000 
13100 
67400 
-  362700 

261432 

324012 

783444 


PHENOL  REMOVAL  FROM  WASTE  STREAM  <Mg/Yr>  2338 

TOTAL  VOLATILE  REMOVAL  <Mg/Yr)  2338 

COST  EFFECTIVENESS  OF  VOLATILE  REMOVAL  <*/Mg>  307 

QUANTITY  OF  STREAM  TREATED  <kq/dey)  330000 

COST  OF  WASTE  TREATMENT  <e/kg  waste)  0.0061482 


Total  capital  coat  includes  construction  £■%•  <10  percent; .  contingency 
<13  percent),  engineering  <13  percent),  and  startup  <1  perce->t/. 

Electricity  at  <•. 03/kwh). 

Capital  recovery  factor  for  10-year  llietlae  at  10  percent. 


TABLE  A-3.  ANNUALIZED  COST  ESTIMATES  FOR  THE  PRFTREATMENT 
OF  WASTE  STREAM  02.02.12  BY  BIOLOGICAL  TREATMENT 


COST  ELEMENT 


ALL  COSTS  IN  1983  DOLLARS 


REACTORS 


35500 


FIELD  COST 

TOTAL  INSTALLED  COST 


35500 

50055 


ANNUALIZED  COSTS 

MAINTENANCE 
OPERATING  LABOR 
ELECTRICITY 

TAXES.  INSURANCE.  ADMINISTRATION 

SUBTOTAL  3000 

PRODUCT  RECOVERY  CREDIT  -  5000 

8YPP0DUCT  DISPOSAL  COST  0 

ANNUAL  OPERATING  COST  O 

CAPITAL  RECOVERY  <16. 3*>  8139 

TOTAL  ANNUALIZED  COST  8159 

ACETALDEHYDE  REMOVAL  FROM  WASTE  STREAM  <Mg/Yr)  120 

TOTAL  VOLATILk  TtMOVAL  <Mg/Yr>  120 

C03T  EFFECTIVENESS  OF  VOLATILE  REMOVAL  <8/Hg)  68 

OUANTITY  OF  STREAM  TRE  A'.  LD  <k~/day>  -  2800 

COST  OF  WASTE  TREATMENT  (*/k</  0.0079833 

Total  capital  coat  lncludaa  conatructlon  faa  (10  parcant),  contlngancy 
(15  parcant),  anglnaailng  <15  parcant),  and  atartup  <1  parcant). 

Elactrleity  at  (•. OS/kwh). 

Capital  racovary  factor  for  10~vaar  llfatlaa  at  10  parcant. 
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TABLE  A-4.  ANNUALIZED  COST  ESTIMATES  FOR  THE  PRETREATMENT 
OF  WASTE  STREAM  03.01.90  BY  DISTILLATION 


COST  ELEMENT  ALL  COSTS  IN  1983  DOLLARS 

DISTILLATION  COLUMNS  230000 

FIELD  COST  250000 

TOTAL  INSTALLED  COST  352300 

ANNUALIZED  COSTS 

MAINTENANCE  <3k>  17623 

UTILITIES  13000 

TAXES.  INSURANCE,  ADMINISTRATION  (A*)  1*100 

OPERATING  LABOR  10000 

PRODUCT  RECOVERY  CREDIT  -  30300 

BYPRODUCT  DISPOSAL  COST  0 

ANNUAL  OPERATING  COST  6223 

CAPITAL  RECOVERY  <16. 3*>  37*38 

TOTAL  ANNUALIZED  COST  63683 

HEXANE  REMOVAL  FROM  WASTE  STREAM  <Mg/Yr)  23* 

TOTAL  VOLATILE  REMOVAL  <Mq/Yr>  25* 

COST  EFFECTIVENESS  OF  VOLATILE  REMOVAL  <«/Hg)  1:31 

QUANTITY  OF  STREAM  TREATED  <  kg/dav  >  3*82 

COST  OF  WASTE  TREATMENT  <8/kg  0.0301070 

Total  capital  coat  lncludaa  construction  <10  parcant).  contlnqancy 

<13  parcant).  anglnaarlng  <13  parcaiti,  and  atartup  <*  paicant). 

Elactrlclty  at  <•. 03/kwh). 

Capital  racovary  factor  for  10-yaat  U.t'tlia  at  10  pageant. 


TABLE  A-5.  ANNUALIZED  COST  ESTIMATES  FOP  THE  PRETPEATMtNT 
OF  WASTE  STREAM  0.1.04.14  BY  EVAPORAT ION/CARBGN  ADSORPTION 


COST  ELEMENT 


ALL  COSTS  IN  1983  DOLLARS 


CARBON  ADSORPTION  C0LUBM3  6  REQUIRED)  48000 
EVAPORATOR  SYSTEH  830000 
CAREON/ REFRIGE RAT ION  SYSTEM  45000 
CARBON  INVENTORY  7200C0 

FIELD  COST  1643000 
TOTAL  INSTALLED  COST  2316630 


ANNUALIZED  COSTS 


MAINTENANCE  <3n)  116000 
STEAM  149000 
ELECTRICITY  20000 
OPERATING  LABOR  66000 
TAXES.  INSURANCE.  ADM  I N I STRAT I  ON  <4*>  92665 


PRODUCT  RECOVERY  CREDIT  -218000 

BYPRODUCT  DISPOSAL  COST  0 

ANNUAL  OPERATING  COST  *25665 

CAPITAL  PECOVLRV  <16.3*)  377611 

TOTAL  ANNUALIZED  COST  603276 


VOLATILE  REMOVAL  FROM  WASTE  STREAM  (Mg/Yr>  <355 

TOTAL  VOLATILE  REMOVAL  "g/Yr)  4355 

COST  EFFECTIVENESS  OF  VOLATILE  REMOVAL  13R 

QUANTITY  Of  STREAM  TREATED  'Rg/aay>  24000 

C03T  OF  WASTE  TREATMENT  '*/Ng  vaata)  0.06886/1 


Total  capital  coat  lncludaa  conat 'uct 1  on  faa  (10  parcant) ,  con t infancy 
(15  parcant).  anglnaaring  (15  parcant).  ana  atirtup  (1  parcant.). 

E ) art r ic 1 Ly  at  (*.05/Rwh). 

Capital  racovary  factor  for  10-yaar  lifatiac  at  10  parcant. 


TABLE  A-6.  ANNUALIZFD  COST  ESTIMATES  FOR  THE  PRETREATMENT 
OF  WASTE  STREAM  01.02.02  BY  ALKALINE  CHLORINATION 


COST  ELEMENT 


AL'.  COSTS  IN  1983  DOLLARS 


REACTORS.  ELECTRICAL.  PILING.  TANKS 


219838 


FIELD  COST  21983A 

TOTAL  INSTALLED  COST  310000 


ANNUALIZED  COSTS 

MAINTENANCE  (3*> 

CAUSTIC  SODA  AND  CHLORINE  GAS 
TAXES.  INSURANCE.  ADMINISTRATION  (AN) 


OPERATING  LABOR 

SUBTOTAL  230000 

PRODUCT  RECOVERY  CREDIT  O 

BYPRODUCT  DISPOSAL  COST  0 

ANNUAL  OPERATING  COST  230000 

CAPITAL  RECOVERY  (16.3*)  30330 

TOTA'  ANNUALIZED  COLT  300330 


CYANIDE  REMOVAL  FROM  WASTE  STREAM  (Mg/Yr)  3 

TOTnL  VOLATILE  REMOVAL  'Hg/YD  3 

COST  EFFECTIVENESS  OF  VOLATILE  REMOVAL  (N/Hg)  91070 

QUANTITY  OF  STREAM  TREATED  (kq/day)  120000 

COST  OF  WASTE  TREATMENT  (•/kg  waata)  0.0068614 


Tot.nl  capital  coat  include/.  ccnat ru~t Ion  tan  (10  parcant).  contingency 
(13  parcart).  engineering  (13  percent.),  and  atarti'p  (1  percent). 

Electricity  at  <*.C3/kwh). 

Capital  recovary  factor  for  10-yeer  llfatlae  at  10  percent. 


TABLE  A-7.  ANNUAlIZED  COST  ESTIMATES  FOR  THE  PRETREATKcNT 
OF  WASTE  STREAM  02.02.21  BY  WET  OXIDATION 


COST  ELEMENT  ALL  COSTS  IN  1933  DOLLARS 

PUMPS. HEAT  EXCHANGER. COMPRESSOR 

REACTOR. VALVES. PI  PI  MG. ETC.  3815603 


FIELD  COST  3613603 

TOTAL  INSTALLED  COST  8200000 


ANNUALIZED  COSTS 

MAINTENANCE 

OPERATIhG  LABOR 
ELECTRICITY 

TAXES.  INSURANCE.  ADMINISTRATION  <«*> 


SUBTOTAL  33000 

PRODUCT  RECOVERY  CREDIT  0 

BYPRODUCT  DISPOSAL  CC3T  0 

ANNUAL  OPERATING  COST  33000 

CAPITAL  RECOVERY  (16.3N)  1336600 

TOTAL  ANNUALIZED  COST  1371600 


PHENOL  REMOVAL  FROM  WASTE  STREAM  (Hg'Yr)  983 

TOTAL  VOLATILE  REMOVAL  (Mg/Yr)  983 

COST  EFFECTIVENESS  OF  VOLATILE  REMOVAL  (i/fg)  1392 

OUANTITY  OF  STREAM  TREATED  (kg/day>  300000 

COST  OF  WASTE  TREATMENT  (8/kg  waata)  0.0123260 


Total  capital  coat  inciudaa  conatructlon  fa*  (10  parcant),  (ontingancy 
(13  parcant),  anglnaarlng  (13  parcant).  and  atartup  (1  parcant). 

Elactrlcity  at  (S. 05/kwh). 

Capital  racovary  Factor  For  10-yaar  UFatlaa  at  10  parcant. 


v 
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TABLE  A-8.  ANNUALIZED  COST  ESTIMATES  FOR  THE  PRETREATMENT 
OF  WASTE  STREAM  02.02.14  BY  0Z0N4' lON/RADIOLYSIS 


COST  ELEMENT 
REACTORS 

OZONE  GENERATOR /OXYGEN  PLANT 


ALL  COSTS  IN  1983  DOLLARS 

2SOOOO 

8000000 


FIELD  CCST 

TOTAL  INSTALLED  COST 


8230000 

11632300 


ANNUALIZED  COSTS 


ELECTRICITY  613200 

LAMP  REPLACEMENT  13693 

TAXES.  INSURANCE.  ADMINISTRATION  <4%)  463300 

OPEP.iTI NG  LABOR  200000 

PRODUCT  RECOVERY  CREDIT  O 

BYPRODUCT  DISPOSAL  COST  0 

ANNUAL  OPERATING  COST  1294193 

CAPITAL  RECOVERY  <16.3X>  1896098 

TOTAL  ANNUALIZED  COST  3190293 

BENZENE  REMOVAL  FROM  WASTE  STREAM  <Hq/Yr)  736 

TOLUENE  REMOVAL  FROM  WASTE  STREAM  <Mg/Yr>  387 

PHENOL  TEMOVAL  FROM  WASTE  STREAM  <Ng/Yr>  438 

TOTAL  VOLATILE  REMOVAL  <Hg/Yr)  1761 

COST  fFftCT; VENFSS  OF  VOLATILE  REMOVAL  <*/Mg)  1812 

WUANTITY  Or  5T1  EAM  TREATED  <Kg/da>)  426000 

CCS”  OF  WASTE  TREATMENT  <»/kg  waata)  0.0203176 


Total  capital  coat  include*  conatructlon  faa  <10  parcant).  contingency 
<13  parcant).  anqinaarlng  <13  parcant).  and  atartup  <1  parcant). 

Elactnclty  at  <• .OG/hwh > . 

Capital  racovary  factor  i oi  10-yaar  lliatlaa  at  10  parcant. 
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TABLE  A-9.  ANNJALIZED  COST  ESTIMATES  FOR  THE  PRETREATMENT 
OF  WASTE  STREAM  05.01.03  BY  PHYSICAL  SEPARATION 


COST  ELEMENT 


ALL  COSTS  iN  1983  DOLLARS 


CENTRIFUGE. PIPING,  AND  ELECTRICAL  62411 

FIELD  COST  62411 

TOTAL  INSTALLED  COST  88000 

ANNUALIZED  COSTS 

MAINTENANCE  <3»)  4400 

TAXES.  INSURANCE.  ADMINISTRATION  <4*)  3320 

OPERATING  LABOR  3C00 

PRODUCT  RECOVERY  CREDIT  0 

BYPRODUCT  DISPOSAL  COST  O 

ANNUAL  OPERATING  COST  10920 

CAPITAL  RECOVERY  <16. 3X)  14344 

TOTAL  ANNUALIZED  COS'-  23264 


TOTAL  VOLATILE  REMOVAL  <Ng/Yr)  0 


QUANTITY  OF  STREAM  TREATED  (ko/day)  8200 

COS  T  OF  WASTE  TREATMENT  <*/kg  wait*)  0.0084410 


Total  capital  coat  lncludaa  conitructlon  faa  <10  parcant),  contingancy 
<13  parcant),  anglnaarlng  <13  parcant),  and  atartup  <1  parcant). 

Elactriclty  at  /*.03/kwh>. 

Capital  racovary  factor  for  10-yaar  llfatlaa  at  10  parcant. 
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TABLE  A- 10.  ANNUALIZED  COST  ESTIMATES  FOR  THE  PRETREATMENT 
OF  WASTE  STREAM  02.01.03  Bl  SOLVENT  EXTRACTION 


COST  ELEMENT 


ALL  COSTS  IK  1933  DOLLARS 


EXTRACTOR,  DISTILLATION  COLUMN 
PUMPS. PIPING 


148936 


FIELD  COST 

TOTAL  INSTALLED  COST 


148936 

210000 


ANNUALIZED  COSTS 

MAINTENANCE  <3*> 

ELFCTRICI7Y 
MAKEUP  SOLVENT 

TAXES,  INSURANCE,  ADMINISTRATION  <'*> 

OPERATING  LABOR 

subtotal  40000 

PRODUCT  RECOVERY  CREDIT  -6000O 

BYPRODUCT  DISPOSAL  COST  0 

ANNUAL  OPERATING  COST  -20000 

CAPITAL  RECOVERY  <16.3*0  34230 

TOTAL  ANNUALIZED  COST  14230 


PHENOL  REMOVAL  FROM  WASTE  STREAM  <Mg/Yr>  260 

TOTAL  "OLATILE  RENGVnL  (Mg/Yr)  260 

COST  EFFECTIVENESS  OF  VOLATILE  REMOVAL  <*/Kg.'  35 

OUANTITY  OF  STREAM  TREATED  (Rg/clay)  16000 

COST  OF  WASTE  TREATMENT  <*/kg  want*)  0.0024366 


Total  capital  coat  Include*  construction  fee  (10  percent) ,  contingency 
<13  oercent*.  engineering  <13  percent),  and  startup  <1  percent) . 

Electricity  at  < • . 05/kwn > . 

Capital  recovjry  factor  for  10-y*ar  lifatl**  at  10  percent. 
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TABLE  A- 11.  ANNUALIZED  COST  ESTIMATES  FOR  THE  PRETREATMENT 
OF  WASTE  STREAM  02.02.14  BY  STEAM  STRIPPING 


COST  ELEMENT 


ALL  COSTS  IN  1983  DOLLARS 


STEAM  STRIPPING  UNIT 


SO-’OOQ 


FIELD  COST  907000 

TOTAL  INSTALLED  COST  1278870 


ANNUALIZED  COSTS 

MAINTENANCE  <5*0  63944 

ELECTRICITY  62000 

STEAM  3160000 

TAXES.  INSURANCE.  ADMINISTRATION  <4X)  51155 

OPERATING  LABOR  630000 

PRODUCT  RECOVERY  CREDIT  -  154000 

BYPRODUCT  DISPOSAL  COST  0 

ANNUAL  OPERATIC  COST  3813003 

CAPITAL  RECOVERY  <16. 3*>  208456 

TOTAL  ANNUALIZED  COST  4021554 

BENZENE  REMOVAL  FROM  WASTE  STREAM  <Hg/Yr>  738 

TOLUENE  REMOVAL  FROM  WASTE  STREAM  <Mg/Yr)  578 

PHENOL  REMOVAL  FROM  WASTE  STREAM  (Mg/Yr)  219 

TOTAL  VOLATILE  REMOVAL  <Mg/Yr>  1535 

COST  EFFECTIVENESS  OF  VOLATILE  REMOVAL  <s/Mg>  2620 

QUANTITY  OF  STREAM  TREATED  <kq/day>  426000 

COST  OF  WASTE  TREATMENT  <S/kg  waste)  0.0258607 


Total  capital  cost  includes  construction  xee  (30  percent),  contingency 
<15  percent),  engineering  (15  percent),  and  startup  (1  percent). 

Capital  recovery  factor  for  10-year  lifetime  at  10  percent. 


221 


TABLE  A- 12.  ANNUALIZED  COST  ESTIMATES  FOR  THE  PRETREATMENT 
OF  WASTE  STREAM  02.02.20  BY  AIR  STRIPPING 


COST  ELEMENT  ALL  COSTS  IN  19S3  DOLLARS 


PACKED  COLUMN  AIR  STRIPPING  SYSTEM  143000 
CARBON  ADSORPTION  COLUMNS  <4  REQUIRED )  16000 
CONDENSER/REFRIGERATION  SYSTEM  <10  TON)  13000 
CARBON  INVENTORY  10600 

FIELD  COST  166600 
TOTAL  INSTALLED  COST  263106 


ANNUALIZED  COSTS 


MAINTENANCE  <3N)  13133 
STEAM  2400 
ELECTRICITY  8130 
OPEF  .TING  LABOR  13000 
TAXE,.  INSURANCE.  ADMINISTRATION  <4*0  10324 


PRODUCT  RECOVERY  CREDIT  -12330 

BYPRODUCT  DISPOSAL  COST  0 

ANNUAL  OPERATING  COST  36700 

CAPITAL  RECOVERY  (16.3K)  42586 

TOTAL  ANNUALIZED  COST  791.86 

CARBON  TETRACHLORIDE  REMOVAL  FROM  WASTE  STREAM  (Mg/Yr)  37 

TOTAL  VOLATILE  REMOVAL  <Mg/Yr)  57 

COST  EFFECTIVENESS  OF  VOLATILE  REMOVAL  < •  /  Mg )  1398 

QUANTITY  OF  STREAM  TREATED  <kg/day>  12000 

COST  OF  WASTE  TREATMENT  <a/kg  waata)  0.0181702 


Total  capital  coat  includaa  conatructlon  f  aa  (10  parcwnt).  cortingancy 
(13  parcant).  anjinaarlng  (13  pnrcant).  and  atartup  (1  parcant ) . 

Elactr iclty  at  <•. 03/kwh). 

Capital  racovary  factor  f«r  10-yaar  llfatlaa  at  10  parcant. 
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Adsorption,  carbon  WIT  model  stream  02.02.14  (quench  blowdown  $0.019Vkg  treated  $1. 60/kg  organic  removed 
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Oxidation,  wet  WfT  stream  02.02.21  (acetophenone  column  $0  0125/kg  treated  $1. 39/kg  phenol  removed 

separator  from  phenol  production  by  cumene 
hydroperoxide).  12,500  kg/hr  contain  1  wt. 

%  phenol  in  aqueous  soln  350  day/yr 
operation  £  24  hr/day. 


Estimated  unit  cost.  Estimated  cost  effective- 

lechnoloyy  Basis  of  estimate  January  1183  dollars  ress,  January  l9d>  dollars 
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APPENDIX  B 


ATMOSPHERIC  EMISSION  FROM  COOLING  TOWERS 

There  is  substantial  incentive  on  the  part  of  production  facilities 
with  hazardous  aqueous  streams  to  incorporate  maximum  recycle  and  reuse  of 
plant  wastewaters  into  the  design  of  new  or  existing  production  facilities 
The  incentive  for  "zero  liquid  discharge"  arises  from  (1)  expectation  of 
fairly  stringent  regulatory  requirements  to  be  imposed  on  the  industry,  and 
(2)  conservation  of  water  resources.  Many  proposed  synfuels  facilities 
have  already  indicated  the  choice  of  zero  liquid  discharge  schemes  in  their 
plant  designs.  Included  in  this  category  are  the  Hampshire  Energy  Project, 
the  Great  Plains  Gasification  Project,  the  Breckinridge  County  H-coal 
Project,  the  Newman,  Kentucky,  SRC-I  Project,  and  the  Morgantown,  West 
Virginia,  SRC- 1 1  Project.  Cooling  towers  are  used  at  coke  oven  byproduct 
plants,  petroleum  refineries,  pulp  and  paper  plants,  and  other  facilities. 

One  approach  to  accomplishing  the  zero  discharge  objective  involves 
the  reuse  of  process  condensates  as  cooling  tower  makeup  water.  However, 
these  condensates  are  often  heavily  laden  with  both  inorganic  and  organic 
impurities,  depending  on  the  process.  These  contaminants  can  cause  both 
operational  and  environmental  problems  in  cooling  tower  operation.  Typical 
wastewater  analyses  of  synfuel  facilities  are  shown  in  Tables  8-1  and  B-2. 

In  addition  to  the  compounds  identified  in  Tables  B-l  and  B*2,  Mohr 
and  King  have  identified  dimethyl hydantoi n  and  related  polar  compounds  in 
coal  gasification  condensate  water.1  A  significant  fraction  of  the  chem¬ 
ical  oxygen  demand  (CGD)  in  many  condensate  waters  is  composed  of  compounds 
that  are  more  polar  than  phenol.  These  polar  compounds  are  not  removed  by 
common  solvents  such  as  diisopropyl  ether  or  methyl  i:< butyl  ketone.  In 
addition,  these  compounds  are  not  extracted  by  methylene  chloride  so  they 
are  not  successfully  analyzed  by  the  gas  chromatcgraphy/mass  spectroretry 
(GC/MS)  analytical  techniques  conventionally  used  to  study  these  streams. 
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TOC  =  Total  organic  demand  carbon. 
TDS  =  Total  dissolved  srl ids 


TABLE  B-2.  UNTREATED  WASTEWATER  COMPOSITION--SRC-I  AND  SRC- 1 1 


Chemical 

SRC-Ia 

(mg/L) 

SRC- 11° 
(mg/L) 

Methyl i ndane 

15.0 

- 

Tetral i n 

0.1 

0. 1 

Naphthalene 

5.0 

- 

Dimethyl  naphthalene 

0.3-2 

2- Isopropyl  naphthalene 

0.7 

- 

1- 1  sop ropy 1  naphthalene 

2.0 

- 

Biphenyl 

0.2 

0.2 

Acenaphthalene 

<0. 1 

- 

D i me  t  hy 1 b i phe  ny 1 

0.2-0. 5 

- 

Dibenzcfuran 

0.6 

0.5 

Xanthene 

0. 1 

0. 1 

Dibenzothiophene 

1.5 

- 

Methyl dibenzo thiophene 

<0.1 

- 

Thioxanthene 

0. 1 

- 

FI uorene 

0.3 

0.  3 

9- Methyl f 1 uorene 

0.3 

- 

1-Methy If 1 uorene 

0.2 

- 

Anthracene/Phenanthrerie 

1. 1 

0.  36 

Methyl phenanthrene 

0.2-0. 3 

- 

C2-Anthracene 

0.05 

- 

FI uoranthene 

0.4 

0. 11 

Bi hydropyrene  di hydropyrene 

<0.05 

- 

Pyrene 

0.6 

0.25 

Dimethyl dibenzothiophene 

<0.05 

- 

Acenaphthene 

<0.  1 

Diphenylmethane 

- 

C.  3 

8enz(a)anthracene 

- 

0.01 

Tri phenyl ene 

- 

0.002 

Methylbenz(a)anthracene 

- 

0.003 

Benz(a)pyrene 

- 

<0.003 

Benz(e)pyrene 

- 

<0  002 

Benzo(g,h, i )perylene 

- 

0.  004 

T i tani urn 

- 

<3.0 

Vanadi urn 

- 

<0.  25 

A1 urni num 

<2.0 

See  notes  at  end  of  cable. 

(continued) 
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TABLE  8~2  (continued) 

SRC-I3  SRC- I Ib 

Chemical  (mg/L)  (mg/L) 


Arsenic 

- 

0.03 

Sel eni urn 

- 

2.5 

Mercury 

- 

0.05 

Nickel 

- 

0  12 

Cadm i urn 

- 

<9.006 

Bari  urn 

- 

<0.  2 

Lead 

- 

0.2 

1  \yop 

- 

0.05 

Z  i  nc 

- 

0.  5 

Boron 

- 

12 

Fluoride 

- 

70 

Copper 

•• 

0. 11 

Beryl  1 i um 

- 

0.013 

-  No  data. 

''Data  from  Table  3,  J.S.  Fruchter,  M.R.  Peterson,  J.C.  Laul ,  P.W.  Ryan, 
High  Precision  Trace  Element  and  Organic  Constituent  Analysis  of  Oil 
Shale  and  Solvent  Refined  Coal  Materials,  Battel le  Pacific  Northwest 
Labs,  BNWL-SA-6001,  1976,  31  pp. 

bData  from  Solvent  Refined  Coal  II  Demonstration  P'-o  ject-F  inal 
Environmental  Impact  Statement,  DOE/E  I S-0069/V2  (January  1981). 


Liquid  chromatography  was  used  to  ioentify  the  hydantoins  in  the  wastewater 
sample.1  A  solvent  exchange  process  to  replace  the  water  with  isopropanol 
was  used  to  prepare  the  sample  for  the  liquid  chromatography.  The  presence 
of  the  dimethyl hydantoi n  and  related  compounds  in  isopropcnol  permits  the 
identification  of  the  compounds  by  GC/MS. 

In  one  of  the  plans2  to  use  Doling  towers  to  trent  water  from  coal 
gasification  plants  and  zero  discharge  basis,  67  percent  of  the  wastewater 
would  be  returned  to  the  atmosphere  as  water  vapor  througn  evaporation,  24 
percent  wcjld  be  consumed  by  the  synthesis  gas  reactions,  2.5  percent  would 
be  present  in  the  ammonia  byproduct,  and  approximately  6.5  percent  would  be 
present  in  the  solid  waste  products  and  cooling  tower  drifts.  Isopropyl 
ether  was  proposed  to  recover  phe.ols  as  a  byproduct.  Carbon  dioxide  (C02) 
would  be  stripped  from  the  water,  and  the  ammonia  stripped  from  the  water 
would  be  recovered  as  a  byproduct. 

Gloyna  has  described  a  program  of  water  management  that  uses  cooling 
towers  for  concentrating  refinery  wastewater.3  The  concentration  of  phenols 
and  similar  organic  materials  was  reduced  substantially.  Although  the 
relative  mechanisms  for  removal  of  organic  materials  were  not  determined, 
the  mechanisms  were  thought  to  involve  a  combination  of  biodegradation, 
precipitation,  absorption,  and  volatilization.  In  1  yea1'*  of  cooling  tower 
operation,  the  only  blowdown  was  the  removal  of  sludges  from  the  bottom  of 
the  tower.  The  fouling  of  neat  exchangers  and  cooling  tower  equipment  as  a 
result  of  biological  buildup  did  not  occur,  and  it  was  postulated  that  the 
abnormally  large  amounts  of  heavy  metals  kept  the  biological  growth  in 
check.  The  sludge  that  was  produced  in  the  bottom  of  the  cooling  tower 
resisted  aerobic  digestion  and  contained  a  high  concentration  of  heavy 
metals.  The  cooling  tower  thus  served  as  a  wastewater  treatment  process, 
with  an  oily  slud-e  as  the  only  liquid  effluent  from  the  process. 

Fleischman  described  the  phenol  biooxidation  at  the  Sun  Oil's  Toledo 
refinery.4  Sodium  hex^metaphosphate  was  used  as  a  corrosion  inhibitor  and 
a  microbial  nutrient  for  biological  oxidation.  Due  to  the  biological 
oxidation  in  thr  cooling  tower,  the  dissolved  oxygen  concentration  in  the 
cooling  water  was  less  than  2  ppm.  Fouling  and/or  corrosion  of  the  heat 
transfer  surfaces  was  possible  when  phenol  concentrations  in  the  cooling 
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water  were  greater  than  5  ppm.  At  the  Toledo  refinery,  the  heat  exchangers 
were  backflushed  daily.  In  Exxon  laboratory  tests,  it  was  concluded  that 
biotouling  should  not  be  a  problem  with  44  ppm  biochemical  oxygen  demand 
(BOD)  and  75  ppm  COO  in  the  circulating  water  in  the  absence  of  ammonia. 

In  addition  to  the  proposed  use  of  industrial  wastewater  as  cooling 
tower  makeup,  treated  municipal  wastewater  has  also  been  considered  for  use 
in  cooling  towers.  Even  after  biological  oxidation,  sewage  is  highly 
nutrient-rich.  Slime  and  algae  grcwth  are  serious  problems  when  municipal 
wastewater  is  used  in  a  cooling  tower.5  Disinfection  by  cnlorination  and 
frequent  shock  treatment  was  considered  normally  adequate.  Biocide  was 
required  at  1.5  tc  10  times  the  level  for  freshwater.  Phenol  reduction  in 
a  cooling  tower  has  been  reported  wher  chlorination  was  used  for  slime 
control.  A  tertiary  treatment,  of  lime  precipitation  was  proposed  to  permit 
the  water  to  obtain  high  concentrations.  Biological  treatment  with  high 
phosphate  removal  was  recommenced  for  consideration.  Water  with  a  high 
silica  content  required  lime  treatment  whether  or  not  phosphate  was  removed, 
but  the  treatment  would  be  easier  if  the  approved  biological  treatment  were 
used. 

Operational  problems  associated  with  cooling  towers  operating  as  part 
of  a  wastewater  treatment  systeo  include  corrosion,  scale  formation,  foul¬ 
ing,  and  foaming.  Cooling  tower  water  oy  nature  is  likely  to  be  corrosive. 

A  portion  of  the  wauer  has  been  evaporated,  thus  resulting  in  a  concentra¬ 
tion  of  inorganic  constituents,  and  the  water  is  normally  saturated  with 
oxygen  as  a  result  of  its  contact  with  air.  These  factors  *end  to  enhance 
corrosion,  which  can  severely  limit  the  life  of  heat  exchangers  and  ouhc*" 
process  equipment.  The  high  levels  of  inorganic  materials  can  also  cause 
scale  formation,  in  that  concentrations  can  exceed  solubility  limits  at  the 
surface  temperatures  of  heat  exchangers.  Salts  and  other  materials  precip¬ 
itate  cut,  cover  the  heat  transfer  surfaces,  and  severe^  limit  the  rates 
of  heat  t-ansfer.  Similarly,  organic  materials  and  biological  slime  can 
blanket  the  heat  transfer  surfaces  and  also  severely  limit  the  rates  of 
heat  transfer.  Organic  materials  present  in  the  cooling  tower  can  cause 
foaming,  which  limits  heat  and  mass  transfer  and  thus  severely  interferes 
with  the  operating  effectiveness  of  the  ccoiing  tower.  Moreover,  foam  in 
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excessive  quantities  exiting  Trom  the  top  of  the  cooling  tower  is  a  trouble 
some  environmental  problem.  Acceplable  loadings  for  mineral  contaminants 
for  satisfactory  tower  operation  are  fairly  well  established;  those  for 
organic  loadings  are  virtually  unknown. 

In  a  water  reuse  study  sponsored  by  the  petroleum  industry,  Grutsch 
and  Griffin  (1979)  report  that  even  at  six  or  more  cycles  of  concentration 
in  the  cooling  tower,  the  residual  ammonia  in  recirculating  cooling  water 
is  typically  about  equal  to  or  less  than  the  ammonia  content  of  the  makeup 
water.6  In  addition,  major  reductions  in  total  organic  carbon  and  phenolic 
are  achieved.  About  50  percent  of  the  organic  carbon  was  removed,  Baaed 
on  the  rates  of  biological  oxidation,  biological  oxidation  was  not  a  sig¬ 
nificant  mechanism  for  removal  of  ammonia  and/or  organics  in  typical  cool¬ 
ing  tower  operation.  To  verify  the  mechanisms  of  ammonia  or  organic 
removal,  additional  tests  were  run  after  sterilizing  the  recycle  water  with 
a  copper  biocide  and  under  both  slightly  alkaline  and  acidic  pH  conditions. 
Tne  test  results  after  sterilizing  the  systems  were  consistent  with  the 
results  from  tne  previous  testing.  Therefore,  it  was  concluded  that  bio¬ 
logical  oxidation  was  not  an  important  removal  mechanism  for  ammonia  and 
organic  losses  in  the  cooling  tower.  In  addition,  the  rate  of  removal  of 
phenolics  was  approximately  the  same  at  slightly  acidic  and  alkaline  con¬ 
ditions.  It  was  concluded  in  the  API  study  that,  since  air  stripping  was 
tne  predominant  contaminant  removal  mechanism,  an  effective  treatment  of 
refinery  wastewater  makeup  would  usually  te  necessary  to  control  air  emis¬ 
sions  from  cooling  towers.6 

In  a  similar  study  by  the  Georgia  Craft  Company,7  evaluations  were 
made  in  a  laboratory  cooling  tower  to  provide  proof  that  t ioloyical  action 
was  a  very  minor  treatment  mechanism.  Two  identical  cool  inn  >  were 

constructed  with  one  tower  operaLiig  on  airstripping  alone  and  the  other 
being  seeded  with  bacteria  and  fed  with  nutrients  to  operate  with  both 
airstripping  and  biological  action.  Experiments  were  performed  when  the 
biological  material  growth  had  covered  the  tower  packing  surface  to  the 
extent  that  portions  of  growth  would  slough  off  and  fall  to  the  basin. 
Biological  action  contributed  only  4  to  12  percent  more  BOD  reduction  than 
did  stripping  alone  The  effect  of  biological  action  war.  dependent  upon 
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the  flow  rates  of  liquid  and  gas  and  appeared  to  increase  with  increasing 
1 i qui d- to-gas  ratio.  Biological  action  in  simultaneous  operation  with 
stripping  produced  greater  BOD  removal  since  the  biological  reactions  could 
attack  the  nonvolatile  portion  of  the  BOD-producing  compounds.  It  was 
con:luded  that  the  amount  of  increased  treatment  due  to  biological  action 
could  net  appear  to  justify  the  operational  costs  encountered  to  achieve 
the  reductions  used. 7 

The  microorganisms  in  a  cooling  tower  were  projected  to  remove  90 
percent  or  more  of  the  phenols  and  reouce  effluent  organic  carbon  and 
oxygen  demand,  but  this  mechanism  was  reportedly  inhibited  by  sulfide 
because  the  sulfides  apparently  Killed  the  phenol-oxidizer  microorganisms.8 
Therefore,  it  was  '■ecommended  that  the  wa^er  should  be  diverted  from  tb? 
cooling  system  when  sulfide  levels  exceed  2  ppm  in  the  wastewater.8 

Cooling  towels  in  the  coke  byproduct  recovery  industry  are  used  to  cool 
direct-contact  water  that  has  been  contaminated  with  organics  from  the  proc¬ 
ess  stream.  Some  organics,  primarily  naphthalene,  are  removed  from  the 
water  by  either  physical  separation  of  solid  naphthalene  or  by  passing  the 
water  through  a  tar-bottoms  reservoir  to  dissolve  the  naphthalene  and  other 
organics.  An  initial  environmental  assessment  of  coke  oven  byproduct  plants 
measured  a  benzene  concentration  of  15.8  mg/sir3  above  a  direct  water  coding 
tower;  in  addition,  other  organic  compounds  were  identified.9  Emission 
tests  were  conducted  at  three  otf »r  byproduct  plants  and  yielded  emission 
factors  of  270  g  benzene/mg  coke  for  direct-water  cooling  towers  and  70  g 
banzene/mg  coke  by  tar-bottom  cooling  towers.  Emission  rates  varied  from 
12  lb/h  for  the  tar  bottom  to  73  lb/n  for  the  direct  water. 10  11  12  Other 
relevant  test  data  are  summarized  in  Table  B-3. 

These  data  from  industrial  cooling  towers  in  coke  byproduct  recovery 
plants  demonstrate  that  environmentally  significant  organic  emissions  '"an 
be  produced  by  coding  towers  using  water  containing  only  a  few  parts  per 
million  contaminant.  Solvent  extraction,  followed  by  ammonia  stripping, 
should  substantial  ly  reduce  the  potential  coding  tower  emissions  from 
previously  contaminatea  water  from  coal  gasification  plants.  One  of  the 
objectives  or  this  investigation  was  to  determine  the  type  and  extent  of 
wastewater  pretreatment  necessary  to  eliminate  or  reduce  to  acceptable 


TA3LE  B-3.  BENZENE  EMISSIONS  FROM  COOLING  TOWERS 


Ljcati on 

CF&I 

Pjeblo,  CO 

U.S.  Steel 
Fairless  Hills,  PA 

Beth,  S.C. 
Bethlehem,  PA 

Benzene  emissions  (lb/h) 

11.9 

70.2 

~’3.4 

Stack  velocity  ( ft/mi n) 

1,430-1,780 

1,200-1,700 

860-905 

SCFM 

384,000-470,000 

255,000-369,000 

432,000-456,000 

Cold  well,  ppm  benzene 

7.5 

1.0 

3.5 

Hot  well,  ppm  benzene 

68 

48 

6.8 

Type  of  cooling  tower 

tar  bottom 

direct  water 

direct  water 

Stack  area  (ft2) 

314 

227 

532 
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levels  any  atmospheric  pollutant  releases  from  cooling  towers  receiving 
contaminated  makeup  water. 

In  addition  to  atmospheric  emissions  from  organics  being  evaporated 
into  the  cooling  tower  exhaust,  water  droplets  can  be  ejected  from  the 
cooling  tower  as  entrained  water  droplets.  Vertical  air  velocity  through 
cooling  towers  typically  varies  from  300  to  700  ft/min.13  A  baffle  or 
drifting  eliminator  system  is  placed  between  the  water  distribution  system 
and  the  air  discharge  point  to  minimize  the  dispersal  of  entrained  water 
droplets.  Drift  elimination  it  essential  for  the  conservation  of  water, 
the  retention  of  chemical  treatment  in  the  cooling  water,  the  prevention  of 
damage  by  the  chemical  additives  in  the  surrounding  area,  and  for  environ¬ 
mental  protection.  A  common  method  of  trying  to  imorove  cooling  tower 
performance  is  to  increase  the  air  velocity  by  increasing  the  fan  power  and 
pitch  angle.  This  often  causes  increased  drift  loss  because  the  eliminators 
are  not  designed  for  these  process  conditions.13  An  acceptable  level  of 
drift  elimination,  generally  considered  satisfactory,  is  "not  in  excess  of 
0.2  percent."13 

A  continuous  precipitation  of  drizzle  in  the  neighborhood  is  poten¬ 
tially  possible  with  nearly  all  types  of  cooling  towers.  The  mist  lost  in 
a  fog  plume  is  approximately  .007  percent  of  the  circulating  water  rate. 14 
The  visible  plume  does  not  cause  a  nuisance  since  the  rate  of  small  par¬ 
ticles  is  low.  Condensation  with  mist  formation  takes  place  as  soon  as  the 
exit  air  begins  to  mix  with  the  atmospheric  air.  Drizzle  begins  to  precip¬ 
itate  at  a  certain  distance  from  the  tower.  As  the  air  from  the  cooling 
tower  is  further  mixed  with  the  surrounding  air,  the  drizzle  precipitation 
stops.  As  still  more  air  is  added,  the  fog  begins  to  reevaporate  and 
finally  vanishes.14  It  has  been  suggested  that  a  combination  of  wet/dry 
cooling  tower  can  significantly  reduce  the  water  consumption  and  effluent 
volume  from  a  cooling  tower  compared  to  a  conventional  cooling  tower.15 
Also,  the  direct/indirect  heat  exchange  can  result  in  the  olimi nation  of 
visible  plume  from  the  cooling  tower  exhaust. 1S 

Anotht"  environmental  aspect  of  cooling  tower  emissions--concerning 
emissions  of  pathogenic  bacteria-- i nvol ves  somewhat  different  considera¬ 
tions  than  stripping  or  chemical  and  biological  oxidaticn.  Although  the 
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oxidative  processes  may  be  insignificant  in  reducing  liquid  phase  concen¬ 
trations  (compared  to  stripping),  the;/  may  be  highly  significant  in  the 
production  of  pathogenic  organisms  or  partially  oxidized  materials  in  the 
vapor  and  drift. 

It  is  noted  that  cooling  towers  have  been  heavily  implicated  in  out¬ 
breaks  of  Legionnaires'  disease  by  providing  a  breeding  ground  for  Legion¬ 
ella  pneumophi 1  a ,  the  bacteria  responsible  for  the  disease.16  It  is 
believed  that  human  exposure  to  the  bacteria  is  often  caused  by  humans 
coming  into  contact  with  bacter . a- 1 aden  drift  from  contaminated  cooling 
towers.  When  the  towers  (invariably  institutional  towers)  have  been  put  on 
a  regular  disinfection  schedule,  the  legionellosis  outbreaks  have  ceased. 
Towers  receiving  organically  contaminated  makeup  water  in  synfuels  facil¬ 
ities,  once  infected,  may  harbor  these  bacteria  since  the  temperature, 
nutrients,  and  oxygen  needed  for  bacterial  survival  and  population  growth 
are  more  than  adequate  and  since  disinfection  by  chlorination  will  probably 
be  excluded  to  avoid  formation  of  toxic  chlorinated  organics.  This  problem 
is  currently  under  consideration  at  the  Department  of  Energy's  Savannah 
River  Laboratory  under  Electric  Power  Research  Institute  (EPRI)  sponsorship. 

Environmental  concerns  center  around  atmospheric  emissions  of  dissolved 
contaminants  as  a  result  of  air  stripping  and  entrainment,  salt  deposition 
on  neighboring  land  areas  from  evaporation  of  cooling  tower  drift,  and 
possible  entrainment  of  pathogenic  bacteria  sjch  as  Leqionel la  pneumophi la , 
Salmonel 1  a .  Yens i nia ,  Arl zona ,  and  Shigella.  These  bacteria  are  not  neces¬ 
sarily  present  in  synfuel  cooling  tower  water,  but  the  warmth  ana  air 
circulation  in  cooling  towers  provide  opportunity  for  bacteria  present  in 
the  atmosphere  to  be  captured  hy  the  water  and  grow.  Bacteria  in  the  small 
cooling  tower  droplets  couid  travel  for  many  miles  before  settling  after 
the  water  evaporates  from  the  small  droplets.  Naeql eri a ,  a  pathogenic 
amoeba  that  causes  fatal  illnesses,  has  not  been  isolated  in  cooling  to««er 
drift,  but  has  been  found  in  thermally  po, luted  waters  containing  cooling 
tower  blowdown. 

Cooling  towers  potentially  can  produce  a  large  amount  of  mist  from 
their  vents,  particularly  the  older  designs.17  Drift  eliminators  can 
reduce  the  major  apparent  problems  of  drift  such  as  salt  deposits,  the 
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production  of  fog,  and  corrosion,  but  they  have  little  or  no  effect  on  the 
emission  of  small  aerosol  particles  of  biological  significance.  The  small 
aerosol  particles  exhibit  a  negligible  settling  velocity  and  can  travel 
long  distances  downwind.  Some  bacteria,  such  as  esche^i chi  a  col i  do  not 
survive  well  in  the  cooling  tower  environment  Also,  gram  negative  enteritic 
pathogenic  bacteria  are  not  found  in  large  numbers  at  cooling  towers. 
Seventy-five  bacterial  colonies  were  isolated  from  petrie  plates  exposed  to 
the  vent  of  a  cooling  tower.  Forty  percent  of  the  isolates  were  gram 
positive  rods,  cocci,  or  yeast.  The  remaining  60  percent  were  gram  nega¬ 
tive  rods.  17 

Viruses  are  present  in  sewage  and  sewage-polluted  streams  that  could 
be  used  for  cooling  tower  makeup  water.  These  viruses  are  of  particular 
concern  since  they  are  resistant  to  chlorination.  The  authors  conclude 
that  the  potential  public  health  hazard  from  microbial  aerosol  existing  in 
a  coaling  tower  plume  was  difficult  to  estimate.1'  Under  certain  condi¬ 
tions  individuals  may  be  subject  to  some  risk. 

Air  conditioning  cooling  towers  have  been  linked  to  deaths  from  the 
be:teria  leqionel la. 16  There  were  88  cases  of  leqionel losis  in  the  town  of 
Burlington,  Vermont,  in  1980.  Thirty-four  people  were  killed  by  this 
disease  .n  the  Philadelphia  outbreak  of  1976,  and  more  than  34  people  have 
died  since  1977  in  Burlington.  The  outbreak  of  Legionnaires  Disease  was 
linked  to  the  Given  tower  at  the  University  Medical  Center.  There  were  no 
cases  of  Legionnaires  Disease  while  the  Given  tower  was  being  treated  with 
chorine,  but  the  disease  reappeared  after  the  chlorination  was  stopped. 

After  the  chlorination  was  resumed,  the  number  of  cases  of  Legionnaires 
Disease  dropped  off  again.  Most  of  the  disease  victims  had  been  within 
1,000  ft  of  the  t.ower.  Lpqionel  la  thrive  in  warm  water  and  like  the  company 
of  algae.  They  seem  to  derive  special  protection  against  desiccation  in 
air  transport  when  they  travel  with  algae.  Carl  rliermans,  who  studied 
legionnel la  at  E.I.  du  Pont  savannah  River  Laboratory,  was  reported  to  have 
said  that  it  was  possible  for  bacteria  in  an  aerosol  to  travel  half  a  mile 
and  produce  an  infection. 

Chlorine  has  been  shown  to  be  effective  in  disinfecting  cooling  towers 
contaminated  with  legionnel la.  Unfortunately,  the  presence  of  chlorine  can 
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increase  the  corrosion  of  cooling  tower  components.  One  method  for  poten¬ 
tial  decontamination  of  cooling  towers  is  to  use  ozone  treatment  in  cooling 
towers.  Ozone  treatment  does  not  have  the  problems  that  chlorine  residual 
and  trihalomethanes  have  in  wastewater  discharges.  Also,  ozone  is  appar¬ 
ently  effective  in  controlling  chemical  scaling. 

One  manufacturer  of  ozone  treatment  devices  states  that  ozone  can  be 
used  us  a  sole  source  of  treatment  for  the  control  of  biofouling  and  chem¬ 
ical  scaling  in  low  temperature  heat  exchange  systems  and  that  no  blowdown 
is  required.18  Minimizing  the  blowdown  volume  is  of  great  value  where  the 
blowdown  must  be  treated  before  ultimate  discharge.  Several  air  condition¬ 
ing  cooling  systems  treated  with  ozone  were  performing  satisfactorily  with 
respect  to  the  control  of  biofouling  corrosion  and  chemical  scaling.18 
These  systems  were  operated  at  very  high  cycles  of  concentration  where 
little  makeup  water  was  required  and  little  blowdown  generated.  Makeup 
water  for  cooling  towers  of  electrical  utilities  can  co.ne  from  a  number  of 
active  biological  sources  including  sewage  effluents,  rivers,  and  fresh¬ 
water  runoff.  A  concern  has  been  expressed  regarding  biological  aerosol 
generation  from  these  cooling  towers. 

Algae  growth  at  the  time  of  the  installation  of  an  ozone  system  was 
extensive.19  Heavy-scaled  deposits  were  on  th.e  cooling  tower  slats. 
Operation  of  the  cooling  tower  with  tha  ozon  tor  producing  a  steady  stream 
of  ozone  in  the  cooling  tower  lasted  1,080  hours.  During  this  period  of 
operation  with  no  blowdown,  the  water  in  the  tower  became  crystal  clear, 
the  algae  disappeared,  and  the  scales  started  flaking  off  the  slats.  The 
corrosion  rates  for  the  metal  coupons  were  very  low  during  vhe  ozonation 
run.  The  mechanism  for  the  increased  calcium  carbonated  solubility  in  the 
water  after  ozone  treatment  could  be  due  to  the  formation  of  calcium  bicar¬ 
bonate,  or  the  dilute  nitric  acid  produced  by  mixing  nitrogen  in  the  ozon¬ 
ator.  It  is  reported  that  oxidation  of  organic  impurities  begins  immedi¬ 
ately.  19  By  the  time  the  ozonated  water  reaches  th»  basin  sump,  most  of 
the  microorganism  kill  has  been  accomplished. 

To  summarize  the  previous  information  in  this  chapter,  atmospheric 
emissions  from  cooling  towers  are  potentially  significant.  In  one  of  the 
previous  investigations  involving  the  treatment  of  selected  aqueous  kraft 
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mill  wastes  in  a  cooling  tower,21  organics  were  removed  predominantly  by 
air  stripping,  with  biological  activity  playing  only  a  very  minor  role. 

The  results  of  this  study  :.iay  have  been  somewhat  compromised  in  that  there 
was  no  pretreat- ,nnt  to  remove  reduced  sulfur  compounds,  which  are  known  to 
inhibit  biocegradation.  Nevertheless,  the  results  do  point  to  a  significant 
potential  for  atmospheric  emissions  of  wastewater  contaminants  since  25  to 
30  percent  of  the  BOD  reduction  was  attributed  to  physical  stripping  of 
volatile  components.  Similarly,  Grutscn  and  Griffin6  reported  80  percent 
removal  of  phenol  and  50  percent  removal  of  TOC  in  a  cooling  tower  fed  with 
treated  refinery  sour  water  where  no  biological  activity  occurred.  Harpel 
and  James20  show  examples  of  chemical  plant  wastewaters  treated  in  cooling 
towers  and  indicate  that  most  of  the  organic  matter  (mainly  benzene  and 
toluene)  vaporized  over  the  tower  at  three  and  four  cycles  of  concentration. 

These  investigations  seem  to  confirm  the  following  conclusions: 

1.  Air  stripping  and  aerosol  formation  are  the  predominant  mechanisms 
for  removal  of  synfuels  contaminants  from  the  liquid  phase 

2.  Chemical  and  biological  oxidation  are  much  less  significant  in 
liquid  phase  cleanup. 

The  following  questions,  however,  remain  of  major  environmental  concern: 

1.  What  chemical  species  are  present,  and  in  what  quantities,  in  the 
vapor  and  aerosol  emissions  from  cooling  towers? 

2.  To  what  extent  do  these  species  result  from  (a)  simple  stripping, 
(b)  chemical  oxidation,  or  (c)  biological  oxidation? 

3.  What  is  the  likelihooJ  of  pathogenic  bacteria  being  present  in 
the  atmospheric  emissions? 

Again,  acceptable  loadings  for  inii eral  contaminants  are  fairly  well  estab¬ 
lished;  those  for  organic  loadings  a  e  uncertain  but  have  been  suggested. 
Probable  cooling  water  composition  for  the  Lurgi  gasification  process  and 
suggested  cooling  water  limits  are  given  in  Tables  B-4  and  B*5. 

Normally,  cooling  towers  are  regarded  as  devices  in  which  a  single 
process  is  occurri ng--oimple  evaporative  cooling  of  a  liquid  stream. 

However,  the  presence  of  mineral  contaminants  introduces  potential  envi¬ 
ronmental  problems  associated  with  the  release  of  these  contaminants  to  the 
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TABLE  B-4.  CALCULATED  ESTIMATE  OF  EXTRACTED  STRIPPED  LUFGI  WASTEWATER 
COMPOSITION  (Produced  from  gasification  of 
North  Dakota  Lignite) 


mg/L  (except  pH) 

Phenol s 

160 

BOD 

1,470 

COD 

6,740 

TOC 

2,320 

Ammon i a 

150 

Cyanide 

1.7 

Thiocyanate 

85 

Fatty  acids 

190 

TDS 

2,460 

Sul f i des 

0 

Total  sulfur 

9b 

Sulfite  &  sulfate 

150 

Tar  4  oil 

50 

pH 

9.  5 

SOURCE:  Personal  communication, 

IERL,  Research  Triangle 

U.S.  Environmental  Protection  Aqency, 

Park,  NC. 

TABLE  b  5.  SUGGESTED  LIMITS  ON  MAKEUP 

TO  A  COOLING  TOWER 

Phenols 

100 

30D 

1.U00 

COD 

>2,000 

Ammonia  as  N 

100 

X 

ro 

i 

1 

1 

2 

SOURCE: 

Hicks ,  R.  E.  ,  et. 
E PA- 600/7- 79- 112 

a  1 . ,  Wastewater 
(June  1979). 

Treatment  in  Coal  Conversion, 

239 


neighboring  air.  Typical  problems  ’nclude  crop  damage  and  corrosion  of 
machinery  as  a  result  of  salt  deposition.  Further  introduction  of  organic 
contami nants--as  in  synfuels  condensates--gr2atly  complicates  the  possible 
emissions.  A  number  of  the  ingredients  of  synfuels  condensates--notab ly 
phenols,  ammonia,  and  sulfur  cempour.ds--are  not  only  toxic  but  volatile  as 
well.  One  would  expect  these  Materials  to  be  stripped  from  the  wastewater 
very  actively  in  normal  cooling  tower  operation.  Entrainment,  chemical 
oxidation,  and  biological  oxidation  can  also  be  expected  to  occur  within 
the  cooling  tower,  with  envi ronmental  emissions  as  indicated: 


Strippi ng 
Entrai  r.rrent 
Chemical  oxidation 


Vapor  phase  contaminant  emission 

Aerosol  contaminant  emission 

Vapor  and  aeroso.  emissions  of 
oxidized  material 


Biological  oxidation  --  Vapor  and  aerosol  emissions  of 

oxidized  material ,  metabolites,  and 
possibly  pathogenic  bacteria 


Available  information,  as  well  as  conventional  wisdom,  suggest  that 
stripping  and  aerosol  formation  are  the  dominant  mechanisms  of  concern, 
with  characteristic  tif.es*  on  the  order  of  minutes.  Wet  oxidation  and 
biological  treatment  are  probaoly  much  less  important  in  the  cooling  tower 
environment,  with  characteristic  times*  on  the  order  of  days. 

A  few  studies  have  sought  to  encourage  bioactivity  in  the  tower  to 
accomplish  simultaneous  cooling  and  water  treatment.  Most  of  these  studies, 
however,  fail  to  provide  convincing  evidence  of  significant  contaminant 
removal  by  chemical  or  biological  activity.  The  best  documented  study  of 
the  successful  operation  of  such  practice  is  probably  that  by  the  Sun  Oil 
Company  refinery  in  Toledo,  Ohio,  using  refinery  wastewater. 2 1  Phenol, 

COD,  and  TOC  removals  were  fuund  to  be  99.4  to  99.9  percent,  62  to  93 
percent,  and  67  percent,  respect’ vely.  Another  ~tudy  using  refinery- 
stripped  sour  water  gave  92.0  to  97.2  percent  removal  of  phenolics,22  while 
a  third  study  u  !ng  secondary  sewage  effluent  showed  phenolic,  BOD,  and  COD 


•Rigorous^,  the  characteristic  time  is  that  required  for  a  process 
to  proceed  1/e  of  the  way  to  equilibrium. 


These  studies  indicate 


removals  of  9b,  77,  and  80  percent,  respectively.23 
the  feasibility  of  removing  organic  water  contaminants  in  cooling  towers, 
albeit  at  relatively  low  organic  loadings.  However,  no  information  con¬ 
cerning  volatile  organic  emissions  from  the  towers  was  collected  so  the 
fraction  of  organic  removal  due  to  physical  stripping,  compared  to  that 
removed  by  bio-oxidation,  could  not  be  determined. 

The  emissions  of  volatile  organic  materials  from  a  cooling  tower  can 
be  predicted  to  some  extent  by  mathematical  modeling.  The  evaporation  of 
water  into  the  air  involves  some  of  the  same  transport  mechanisms  as  the 
evaporation  of  volatile  organics.  The  following  theoretical  analysis  of 
stripping  from  cooling  towers  is  borrowed  from  a  publication  of  the  U.S. 
Environmental  Protection  Agency,  Treatment  of  Selected  Internal  Kraft  Mill 
Wastes  in  a  Cooling  Tower,  PB  208  217. 7  The  nomenclature  is  identical  to 
that  used  in  the  sited  report,  and  the  text  has  been  edited  in  this  section 
to  make  the  discussion  more  relevant  to  emissions  from  cooling  towers 
utilizing  coal  gasifier  wastewater.  A  mathematical  description  of  the 
process  of  volatilization  of  air  from  cooling  towers  was  obtained  by  first 
identifying  the  most  significant  variables  in  the  airstripping  process. 

These  variables  are  identified  below: 

R  =  Fraction  removal  of  volatile  component  in  feed  water  to  the 
cooling  tower 

x  =  Concentration  of  volatile  component  in  liquid  phase 

B  =  Blowdown  rate 

G  Gas  rate 

L  -  Total  liquid  rate  to  t.jwer  (feed  plus  recirculation) 

tl  -  Inlet  temperature  of  water  in  towor 

t^b  ~  Wet  bulb  temperature  of  entering  air. 

Tne  transport  process  is  simplified  due  to  the  low  concentration  of 
volatile  materials  involved.  Under  these  conditions.  Henry's  law  is  assumed 
to  be  valid,  and  for  a  gas-liquid  equilibrium  system  the  concenv -ati on  of  a 
gciS  phase  volatile  component  (y)  could  be  described  as  being  directly 
proportional  to  the  liquid  phase  concentration  (x).  Thus, 
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(B-l) 


In  a  cooling  tower,  equilibrium  is  not  attained  between  the  contacting  gas 
arid  liquid  phases,  but  equilibrium  is  approached  to  approximately  the  same 
degree  at  all  points  alv.-.g  * •■»«»  height  of  the  cooling  tower.  A  small  volume 
of  liquid  progressing  through  the  tower  would  tneitTv-r:  r»nt.  be  in  equilib¬ 
rium  with  the  surrounding  gas  phase,  but  the  gas  phase  composition  of  the 
transferring  component  at  any  height,  x,  in  the  column  would  be 

y2  =  k  khx  L2  .  <B-*> 

Under  constant  operating  conditions,  the  amount  of  volatile  material  removed 
by  the  system  is 

TxT  =  K  Lx^  .  (B-3) 

"he  constant,  K,  was  defined  as  the  stripping  constant  and  is  independent 
of  the  concentration  level  of  the  volatile  BOD-producing  materials  in  the 
wastewater  being  treated.  The  constant  is  dependent,  however,  cn  varia¬ 
tions  of  the  chemical  makeup  of  the  volatile  compounds,  the  tower  packing 
material,  the  temperature,  and  the  gas-to-1 iquid  ratio. 

The  constant,  K,  as  defined,  represented  the  transfer  of  volatile 
materials  to  the  air  from  a  fixed  volume  of  liquid  as  it  passed  once  through 
the  tower.  Increased  recirculation  of  wastewater  through  the  tower  would 
increase  the  number  of  times  a  given  volume  of  wastewater  would  pass  through 
the  tower  and  would,  therefore,  affect  the  ultimata  treatment  accomplished 
on  this  volume  of  liquid.  A  series  of  material  balances  on  the  major 
streams  shows  that  treatment  in  the  tower  can  be  described  with  the  rela¬ 
tionship 

R  =  K  (1  ♦  3/Lj )/( K  ♦  B/L,)  ,  (B-4) 

and  K  could  be  evaluated  from  the  equation 

K  =  i  -  XL1/XL2  .  (B-5) 

The  heat  and  mass  transfer  processes  could  be  analyzed  by  starting  with  the 
first  principles  of  classical  theory,  such  as  described  by  Treybal13  or 
Bird  et  al.1*  The  classical  differential  equations  in  a  packed  tower  were 


2A2 


do  =  dz,HTUu  (h*  -  h) 

n 


(8-6) 


and 


dy  =  dt/HTUM  (y*  -  y)  , 


(8-7) 


which  could  be  transformed  with  the  aid  of  heat  and  material  balances  over 
a  section  of  the  tower  to 


dt  =  dz/HTUH  •  l/(l/G)  [h*  -  L/G  (t  -  Tt)  ♦  h,] 
dx  dz/HTUM  •  1/ ( L/G)  [y*  -  ( L/G;  (x  -  xt)]  . 


(B-8) 


(B-9) 


These  equations  h^d  to  be  solved  simultaneously  because  y*  is  very 
temperature-dependent  for  volatile  'ompuunds  such  as  methanol. 

By  numerically  evaluating  these  equations,  it  was  learned  that  x2/x,  , 
and  thus  K,  was  independent  of  the  absolute  concentration  of  dilute  volatile 
materials  of  interest  in  this  study.  The  result  was  regarded  as  highly 
significant  in  validating  the  assumptions  used  in  defining  K  and  ir.  applying 
K  in  design  calculations. 

The  primary  application  of  this  theoretical  work  was  to  determine  what 
degree  of  treatment  could  be  expected  from  conventional  cooling  tower 
equipment  when  operated  on  wastewater  as  was  done  in  this  study.  The 
theory  is  applied  to  the  data  described  in  the  fo  lowing  section.  It  can 
be  seen  from  this  equation  that  a  log-log  plot  of  x  versus  (1  -  aQt/VQ) 
resulting  in  a  straight  line  would  have  a  slope  of  (K  -  a)/a  *>om  which  K 
may  be  calculated. 

Experimental  Technique-~A  very  effective  experimental  methoJ  involving 
nonequilibrium  conditions  was  devised  for  laboratory  studies  of  stripping. 
The  experimental  procedure  consisted  of  charging  the  cooling  tower  basin 
with  a  known  volume  of  wastewater  to  be  tested  and  then  circulating  the 
liquid  through  the  tower  and  observing  the  change  of  concentration  with 
time.  No  feed  was  added  to  the  tower  after  filling  the  basin  and  no  blow¬ 
down  was  withdrawn.  Operation  in  this  manner  was  time-dependent  and  would 
not  appear  to  embrace  a  simple  mathematical  description.  It  resulted, 
nevertheless,  that  a  simple  balance  of  the  material  entering  and  leaving 
the  system  would  give  an  equation  that  would  accurately  and  quickly  deter¬ 
mine  the  stripping  constant,  K.  from  the  ultimate  BOD  content  that  could 
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be  reached  by  prolonged  treatnent,  the  procedure  gave  directly  the  amount 
of  volatile  BOD  in  the  original  wastewater. 


K-a 

ajt  a 

x2  =  x,  1  -  Vq  (B-10) 

Equation  (B-10)  shows  that,  as  time  progresses  during  the  stripping  opera¬ 
tion,  the  concentration  of  methanol  declines  from  its  initial  value  of  x  . 

o 

The  quantity,  a,  in  Equation  (10)  was  computed  from  the  experimental  data 
by 

a  =  [VQ  -  VE]  tQ  (8-11) 

where  V  and  Vc  were  the  initial  and  final  liquid  volumes  in  the  basin 
or 

( i . e. ,  at  5  -  o  and  t  =  t) . 

The  important  utility  of  Equation  (3-11)  was  obtaining  K  from  the  exper¬ 
imental  data.  Taking  the  logarithm  of  both  sides  of  the  equation  yielded 

log  x  =  log  xq/Vo  ♦  (K  -  a)/a  log  [VQ  -  aQt]  .  (B-12) 

It  can  be  seen  from  this  equation  that  a  log-log  plot  of  x  versus  (1  -  aQt/VQ) 
resulting  in  a  straight,  line  would  have  a  slope  of  (K  -  a)/a  from  which  K 
may  be  calculated. 
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APPENDIX  C 


1983  WET  MODEL  WASTE  DATA  8ASE 


A  summary  of  the  waste  characterization  is  provided  in  Table  C-l. 

For  each  waste  stream  number  used  in  the  1983  version  of  t.he  WET  Model 
Data  Base  (e.g.  01.01.03)  the  table  providea  a  generic  description  of  the 
waste  stream  (i.e.  its  "name");  tne  EPA  number,  where  applicable;  the 
Standard  Industrial  Code  (SIC)  for  the  generating  industries;  the  generation 
rate;  the  number  of  generating  facilities;  and  the  "constituents  of  concern" 
contained  in  the  waste  (i.e.  Appendix  VIII  compounds  or  compounds  which  make 
the  waste  ignitable,  reactive,  corrosive  or  EP  toxic). 

This  table  is  adapted  from  Exhibit  2-3  of  "W-E-T  Model  Hazardous  Waste 
Data  Bases,  Second  Draft,"  prepared  by  SCS  Engineers  of  tne  Office  of  Solid 
Waste,  U.S.  EPA,  July  21,  1983. 

Note  tnat  the  WET  Model  Data  Base  has  since  been  expanded  and  revised, 
and  its  waste  identifier  numbers  have  been  changed.  Table  C-l  is  provided 
to  identify  wjste  streams  listed  in  Table  6-1  of  the  current  report.  In 
many  cases,  data  in  Table  C-l  is  not  quantitatively  representative  of  more 
recent  versions  of  the  WET  Model  Data  Base.  However,  the  data  does  provide 
qualitative  information  of  the  waste  streams  analyzed  in  Section  6.  The 
reader  is  referred  to  the  above  1983  reference  for  detailed  stream  composition. 
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TABLE  C-l 


SUMMARY  OF  1983  WET  MODEL  DATA  BASE  WASTE  STREAM 
CHARACTERISTICS 


WASTE  STREAM  tPA  SIC  1(00  TONS  NO.  OF  CONSTITUENTS 

NUMBER/NAME  NO.  NO.  /YEAR  FACILITIES  OF  CONCERN 


01.  AQUEOUS  INORGANICS 


01  01.  METAL  SLUOGES 

01.01.01  LEAD  SLUOGES  FROM  CHL.9RALXA'  I  PRODUCTION  BY  THE  DIAPHRAGM  CELL  PROCESS 
28 1 2  29.90  6  LE AO 

01.01.02  BRINE  PURIFICATION  NU9S  FROM  THE  MERCURY  CELL  PROCESS  IN  CHLORINE  PROOUCTIO 
K07 I  2812  39.00  13  MERCURY 


01 ^0 1 ,03  WASTEWATER  TREATMENT  S LODGE  FROM  THE  MERCURY  CELL  PROCESS  IN  CHLORINE  PROOU 
K 106  2812  7.00  26  MERCURY 


01.01.04  COOI  IMG  TOWER  SLUDGE  FRCM  THE  PETROLEUM  REFINING  INDUSTRY. 

2911  20.60  22.  CHROMIUM  (VI) 

LEAO 


01.01.03  WASTEWATER  TRMT  SLUDGE  FROM  TITANIUM  DIOXIDE  PROO  BY  CHLORIDE  PROCESS 
2816  742.10  5  CHROMIUM  (VI) 

01.01.06  WASTEWATER  TREATMENT  SS.UD3ES  FROM  THE  PROOUCTION  OF  CHROME  PIGMENTS 
K002  2816  27. CO  It  CHROMIIM  (VI) 

K003  LEAO 


01.01.07  WASTEWATER  TREATMENT  SlUDGE  FRCM  WOOO  PRESERVING  USING  CHROMATEO  COPPER  ARS 
2491  23.10  120  ARSENIC 

COPPER 

CHROMIUM  (VI) 


01.01.08 


SURFACE  IMPOUNDMENT  DREDGED  SOLIOS 
K069  3332  42.00  4 


FROM  PRIMARY  LEAO  SMELTING  FACILITIES 
CACM  IUM 
LEAO 


01.01.09 


TREATMT  PROCESS  WASTEWATER  SLUOGES 
K066  3333  11.00  68 


l  ACID  PLANT  BLOWDOWN  FROM  ZINC  PROOUCT I 
C ACM  KM 
LEAC 


01.01. 10 

oi. or,  n 

01.01.12 


ELECTROLYTIC  ANODE  SLEEVES  AND  SLUOOES  FROM  PRIMARY  ZINC  PROOUCTION 
K067  3333  16.00  3  CACMIUM 

LEAO 


LEAO  SLUDGES  FROM  BATTERY  PROOUCTION 
3691  130.00  202 


LEAO 


MIXED  METAL  SLUOGc$  FROM  PAINT  PROOUCTION 

2631  30.00  1489  LEAO 

MERCURY 

THALLIIM 


(Ccnti nued) 
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TABLE  C-l.  SUMMARY  OF  1933  WET  MODEL  DATA  BASE  WASTE  STREAM 
CHARACTERISTICS  (CONTINUED) 


WASTE  STREAM  EPA  SIC  1000  TONS  NO.  Of 

NlUBER/NAME  NO.  NO.  /YEAR  FACILITIES 


CONSTITUENTS 
OF  CONCERN 


0  I  .0  i . I  3  MIXED  METAL  SLUDGES  FROM  INK  FORMULATION 

K086  2093  10.00  433  CHROMIUM  (VI) 

LEAD 

0I.CI.J4  AC  10  °LANT  BLOWDOWN  SLURRY  SLUDGE  FROM  PRIMARY  COPPER  PRODUCTION 
K064  3331  640.00  17  CADMIUM 

LEAD 

01.01.13  CADMIUM  PLANT  LEACHATE  RESIDUE  FROM  PRIMARY  TINC  PRODUCTION 
KO60  3333  .30  3  CADMIUM 

LEAD 

01.01.16  WASTEWATER  TREATMENT  SLUDGES  FROM  ELECTROPLATING  OPERATIONS 
FOOS  3471  480.40  4322  COPPER 

F008  3479  CHROMIUM  (VI) 

CAOM  IUM 

LEAD 

NICKEL 

01.01.17  WASTEWATER  TREATMENT  SLUOGES  FROM  THE  MANUFACTURING  AND  PROCESSING  OF  EXPLO 
K044  2092  1.70  29  LEAD 

01.01.18  EMISSION  CONTROL  SLUDGE  FROM  SECONDARY  LEAD  SMELTING 
K069  3341  20.60  3  CAOM I IM 

CHROMIUM  (VI) 

LEAD 

01.01.19  WASTEH20  TRTMT  SLUOGES  FROM  PROCESS  i  METAL  FINISHING  SOLNS  FROM  CU  FORMING 
3331  0.00  20  COPPER 


01.01.20  ZINC  SLUDGES  F<OM  TEXTILES  IHOUSTRY 
2623  160.00  24 

01. C2.  SOLUTIONS  CONTAINING  HEAVY  METALS 


ZINC 


01.02.01  SPENT  P1CLKE  LIQUOR  FROM  STEEL  FINISHING  OPERATIONS 

K062  3312  2930.00  689  CHROMIUM  (VI) 

LEaC 


01.02.02  SPENT  CLEANING  AND  ELECTROPLATING  PROCESS  SOLUTIONS 
F007  3471  1990.00  4322  CADMIUM 

f  009  34  79  COPPER 

CYANIOE 
CHROMIUM  (VI) 
NICKEL 


(Continued) 
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TABLE  C-l.  SUMMARY  OF  1983  WET  MODEL  DATA  BASE  WASTE  STREAM 
CHARACTERISTICS  (Continued) 


WASTE  STREAM  EPA  SIC  IOOO  TOMS  NO.  OF  CONSTITUENTS 

NU4BER/NAME  NO.  NO.  /YEAR  FACILITIES  OF  CONCERN 


01.02.03  UNTREATEO  WASTEWATER  FROM  MANUFACTURE  OF  EXPLOSIVES 
2892  24000.00  48  LEAD 

01.02.04  SPENT  ELECTROLESS  NICKEL  PLATING  PROCESS  SOLUTIONS 
3471  30.70  3090  COPPER 

3479  CYANIDE 

FLUORINE  (FLUORIDES 
NICKEL 


01.02.03  UNTREATEO  RINSE  WATER  FROM  ELECTROPLATING 


34  71 
3479 


17.30 


4522  COPPER 

CYANIDE 
CHROM  I IM  (VI) 

NICKEL 

FLUORINE  (FLUOR IOES 
ZINC  i 


01.03.  CYAN  I OE  SLUDGE 

01.05.01  AMMONIA  STILL  LIME  SLUDGE  FROM  COKING  OPERATIONS 


K060  33 i 2 


72.00 


62 


CYANIOE 

PHENOL 

ARSENIC 


01.03.02 


HEAT  TREATMENT  WASTES 
FOIO  3398  6.00 


93 


CYANIDE 


01.04.  BIOSLUDGES  CONTAINING  HEAVY  METALS 

01.04.01  WASTE  BIO  SLUDGE  FRCM  THE  PET 10LEUM  REFINING  INDUSTRY 
2911  263.90  140  CHROMIUM  (VI) 

LEAD 


01.0. .02  WASTEWATER  TREATMENT  SLUDGE  FROM  PROOUCTION  OF  ROSIN-BASED  DERIVATIVES 
2361  28.40  13  CHROMIIM  (VI) 

ZINC 


(Continued) 


TABLE  C-l. 


SUMMARY  OF  1983  WET  MODEL  DATA  BASE  WASTE  STREAM 
CHARACTERISTICS  (Continued) 


WASTE  STREAM  EPA  SIC  IOOO  TONS  NO.  Of  CONSTITUENTS 

NIW4BER/NAME  NO.  NO.  /TEAR  FACILITIES  OF  CONCERN 


01.04.03  WASTEWATER  TREATMENT  SLUOGE  FROM  PRODUCTION  OF  SULFATE  TURPENTINE  ICR.  CU. 
2861  11.30  7  CHROMIUM  (VI) 

COPPER 

NICKEL 

01.04.04  WASTEWATER  TRTMT  SLUDOE  FROM  PROO  OF  GIM  i  WOOD  CHEM  EXC  ROS IN-BASED  AND  SU 


2861  96.20 

01.03.  OTHER  AQUEOUS  INORGANICS 

01.05.01  ASBESTOS  SEPARATOR  WASTES  FROM 
2812  3.80 

01.03.02  ARSENIC  SLUOGE  FROM  PROOUCTION 
K084  2833  .50 

02.  AQUEOUS  ORGANICS 

02.01.  PHENOLS 


33  CHRCM  I  UM  (VI) 


DIAPHRAGM  CELL  PROCESS  IN  CHLORINE  PROOUCTIO 
40  ASBESTOS 

OF  VETERINARY  PHARR ACEUT ICALS 
3  ARSENIC 


02.01.01  WASTEWATER  TRTMT  SLUOGE  FROM  WOOO  PRESERVING  PROCESSES  USING  PEN1 ACHLOROPHE 
KOOI  2491  15.40  74  PENTACHLOROPHENOL 

02.01.02  PHENOLIC  SLUDGE  FROM  PLASTICS  PRODUCTION 

2821  33.00  816  PHENOL 


02.01.03  PHENOL-FORMALDEHTOE  SOLUTION  FROM  PLASTICS  PROOUCTION 
2821  486.00  816  PHENOL 

FORMALDEHYDE 


02.02.  WASTEWATER  FR  ORGANIC  CHEM  PRODUCT 

02.02.01  DISTILLATION  BOTTOMS  FROM  ACETALDEHYDE  PROOUCTION  FROM  ETHYLENE  OXIDATI 
K009  2869  399.30  3  CHLOROFORM 

FORMALDEHYDE 


02.02.02  BOTTOM  STREAMS  FROM  THE  PROOUCTION  OF  K0I1,  K013,  AND  K0I4 
KO 1 1  2869  3181.00  6  ACRYLONITRILE 

KO I  3  CYANIDE 

KO 14  ACETONITRILE 

02.C2.03  SPENT  CATALYST  OR  CATALYST  PURGE  FROM  FLUOROCARBON  PRODUCTION 
K02 I  2869  .27  2  ANTIMONY 

CARBON  TETRACHLOR ID 
CHLOROFORM 


(Continued) 


250 


TABLE  C-l.  SUMMARY  OF  1983  WET  MODEL  DATA  BASE  WASTE  STREAM 
CHARACTERISTICS  (Continued) 


WASTE  STREAM  EPA  SIC  IOOO  TOMS  *0.  OF  CONSTITUENTS 

NIMSER/NAME  NO.  NO.  /TEAR  FACILITIES  OT  CONCERN 


02.02.04  WASTEWATER  FRCM  ANILINE  PRODUCTION  FROM  NITROBENZENE  HYOROGENAT ION 
K 103  2863  39.95  8  NITROBENZENE 

BENZENE 
ANILINE 

FROM  CHLOROBENZENE  PRODUCTION  BY  BENZENE  CHLOR I  NAT  1 0 
.32  7  BENZENE 

CHLOROBENZENE 
1,2  —0 1 CHLOROB  ENZ  E  NE 
1,4 -01 CHLOROBENZENE 

02.02.06  STRIP  STILL  TAILS  FROM  METHYL  ETHYL  PYRIDINE  PROO  FROM  PARALDEHYDE 
K026  2869  1.44  I  PARALDEHYDE 

PYRIDINE 
2-P ICCOL INE 

02.02.07  LIGHT  ENOS  FROM  GLYCERIN  PRODUCTION  FROM  ALLYL  CHLORIDE 
2869  2.10  2  TOLUENE 

02.02.08  VENT  SCRUBBER  EFFLUENT  FROM  MALEIC  ANHYDRIDE  PROO  BY  BENZENE  OXIOATIOM 
2863  90.80  8  BENZENE 

MALEIC  ANHYDRIDE 


02.02.03  PROCESS  WASTEWATER 
K 1 03  2663 


02.02.09  WASTEWATER  FROM  ETHYLENE  DICHLORIDE  PROD  BY  COMBINEO  PROCISS/  ETHYLENE 
2869  1/2.30  20  1,2-0  ICHLOROETHA»»e 

VINYL  CHLORIDE 
METHYL  CHLORIOE 
CHLOROFORM 
CARBON  TETRACHLORID 


02.02.10  SPRAY  SCRUBBER  EFFLUENT  FROM  PHTHALIC  ANHYDRICE  BY  NAPHTHALENE  PROCESS 
2863  30.00  II  HALE  1C  ANHYDRIDE 

PHTHALIC  ANHYDRIDE 


(Coni i nued) 


TABLE  C-l.  SUMMARY  OF  1983  WET  MODEL  DAI  A  BASE  WASTE  STREAM 
CHARACTERISTICS  (Contiunued) 


WASTE  STRE*< 
NLM8ER/NAME 

EPA 

NO. 

SIC  1000  TONS 
NO.  /?*  Afl 

MO.  Of 
'ACILITIES 

CONST 1TUEMTS 

0(;  CONCERN 

. 

02.02,  II  AM  I  ME  RECOVERY  FRCI  METHYLENE  DIPHENYL  D I ICOSYANATE  PROD  BY  ANILINE  CON 
2069  107.00  4  ANILINE 


02.02.12  HEAVY  ENDS  FR(M  ETHYLENt  OXIDE  PRODUCTION  FROM  ETHYLENF  CXIPATION 
2069  19.90  19  ACETALOEHYDE 

02.02.13  QUENCH  SLOWDOWN  FROM  ETHYLENE  PROO  BY  THERMAL  CRACK  I  NO  OF  NATURAL  BAS 
2069  0172.00  39  TOLUENE 

PHENOL 

BENZENE 


02.02. 14 


QUENCH  BLOWDOWN  FROM  ETHYLENE  PROO 
2P69  94 K  00  39 


BY  THERMAL  CRACKING  OF  HEAVY  LIOUIOS 
TOLUENE 
PHENOL 


BENZENE 


02.02.  19  QUENCH  TOWER  WASTES  FROM  METHYL  METHACRYLATE  P- 00  BY  ACETONE  CYANOHYOR I 
2069  1390.30  4  METHYL  METHACRYLATE 

02.02.16  DECANTER  WASTES  Ff.OM  PHENOL  PROO  BY  CUMENE  HYDROPEROXIDE  CLEAVAGE 
2669  1390.00  12  PHENOL 


02.02.17  COOLiNG  TOWER  LOSSES  FROM  PRCD  OF  ETHYLENE  OXIOE  BY  OXID  OF  ETHYLENE 
2069  291.90  19  ETHYLENE  OXIOE 

02.02.10  COMBINED  WASTEWATER  FROM  OiMETHYL  TEREPHTHaLATE  P-AYLENE  0X10  4  ESTERIF 
2T69  13o.20  3  FORMALDEHYDE 

02.02.19  COMBINED  WASTEWATER  FROM  PROO  OF  BISTHENOL-A  B»  ACE TONE /PHENOL  PROCESS 
2069  110.00  9  PHENOL 


02.02.20  CAUSTIC  SCRUBBER  EFF  FROM  PE°CHLOROETHYLENE  &  CARBON  TET  PROD  BY  CHLOR 
206/  49.40  10  CARBON  TCTRACHLORID 

02.02.2*  ACETOPHEN.NE  COLUMN  SEPARATOR  FROM  PHENOL  PROO  JY  CUM'.NE  HYDROPEROXIDE 
2963  12.90  12  PHENOL 

02.02.22  WASTEWATER/DEHYORAT I  ON  FROM  METHYL  ETHYL  KETONE  PROO  BY  S  -BUTANOL  Dr.HYD 
2069  3.63  6  METHYL  ETHYL  KETONE 

02.02.23  AZEOTRCPE  OECANTER  EFF  FROM  GLYCERIN  PROO  BY  HYOROGENAT I  ON  OF  A 'HOLE  I N 
2069  2.72  I  METHYL  ETHYL  KETONE 


02,0  3.  1.--P  SLJOGE  FR  PESTICIOE  PRODUCT 

02.03.01  TOXAPHENE  WASTE 

K04 i  2079  3.00  2  TOXAPHENE 

02.03,90  PESTICIOE  WASTES  -  HIGH  TOXICITY,  N.O.S. 

2079  300.00  439  PARATHIOM 

02.09.91  PFSTICIOF  WASTFS  -  MOOFRAT*  YOXIOITV  u  n  «; 


(Continued) 
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TABLE  C-l.  SUMMARY  OF  1983  WET  MODEL  DATA  BASE  WASTE  STREAM 
CHARACTERISTICS  (Continued) 


WASTE  S'.KEA*  EPA  SIC  1000  TOWS  NO.  OF  CONSTITUENTS 

NIW3ER/NME  8*/.  NO.  /YEAN  FACILITIES  OF  CONCERN 


02.04.  OTHER  AQUEOUS  ORGANICS 

02.04.01  WASTEWATER  TRTMT  SLUOGE  FROM  WOOO  PRESERVING  PROCESSES  THAT  USE  CREOSOTE 
A 00 1  2491  33,70  171  ACENAPHTHENE 

CHRYSENE 

FLUORENE 

03.  CONCENTRATED  ORGAN  ICS 
03.01.  SFENT  SOLVENTS 

03.01.01  TRICHLOROETHYLENE  SPENT  SOLVENT  WASTE 

FOOI  18.00  3130  TRICHLOROETHYLENE 

03.01.02  1,1, 1 -TR ICHLOROETHANE  SPENT  SOLVENT  WASTE 

FOO i  16.00  8330  1,1, 1-TR ICHLOROETHA 

03.01.03  METHYLENE  CHLORIDE  SPENT  SOLVENT  WASTE 

FOOI  3.00  4776  DICHLORCMETHANE 

03.01.04  TETRACHLOROETHYLENE  SPENT  SOLVENT  WASTE 

F002  721  67.00  8000  TETRACHLOROETHENE 


03.01.03  SPENT  DEGREASING  SOLVENTS  FROM  METAL 
FOOI  3471  18.00  1083 

34  79 


CLEANING  OPERATIONS  FOR  ELECTROPLATING 
1, 1.2,2-TETRACHLGRO 
TRICHLOROET  «YLENE 
0 1 CHLORCM  ETHANE 
1,  1,  l-TRICHLOROETHA 
HEXANE 
TOLUENE 


03.01.06  OEGRTASER  SLUDGE  FROM  METAL  CLEANING 
FOOI  3471  14.20  1083 

3479 


OPERATIONS  FOR  ELECTROPLATING  OPERATIO 
1, I, l-TRICHLOROETHA  ‘  ‘ 

TRICHLOROETHYLENE 


03.01.90  SPENT  SOLVENTS  N.O.S. 

F004  >3.00 


2033 


TOLUENE 


03. J2.  STILL  BOTTOMS  FR  SOLVENT  RECOVERY 


03.02.01  TRICHLOROETHYLENE  STILL  BOTTOMS 

FOOI  16.00  3130 


TRICHLOROETHYLENE 


75.02.02  1,  I,  1 -T4 ICHLOROETHANE  STILL  BOTTOMS 

FOOI  13.00  960 


1,1,  I  -TR  ICH’.OROETHA 


03.02.03  METHYLENE  CHLORIDE  STILL  BOTTOMS 

FOOI  2.00  6493 


DICHLORCMETHANE 


(Continued) 


TABLE  C-l.  SUMMARY  Or  1983  WET  MODEL  DATA  BASE  WASTE  STREAM 
CHARACTERISTICS  (Continued) 


WASTE  STREAK 
NIPBCR/NAME 


EPA  SIC  10CO  TONS  MO.  Of  CONSTITUENTS 

NO.  MO.  /YEAR  FACILITIES  OF  CONCERN 


03.02.90  STILL  BOTTOMS  N.O.S. 

F004  J3.00  2035 

03.03.  SOLVENT/METAL  SLUOGES 

03.03.01  PAINT  APPLICATION  SLUOGES 

19.00  2220 


03.03.90  ORGANIC  /  METALLIC  SLUOGES  N.O.S. 

73.00  396 

03.04.  L 1 9  RESIDUES  FR  0R9  CHIM  PRODUCT 


TOLUENE 


TOLUENE 

METHYL  ETHYL  KETONE 
CHROMIUM  (VI) 

LEAD 

MERCURY 


CHROMIUM  (VI) 


03.04.01  STILL  BOTTOMS  FROM  BENZYL  CHLORIDE  PROO  BY  PHOTOCHLO* i  MAT  I ON  OF  TOLUENE 
K015  2909  8.38  1  I , 2,4 -TR ICHLOROBENZ 

HEXACHLOROBENZENE 

TOLUENE 

03.04.02  HEAVY  ENOS  FROM  EP ICHLOROHYOR I N  PRODUCTION  FROM  ALLYL  CHLORIDE 
K0I7  2869  6.36  3  EP ICHLOROHYDR IN 

1.2- 0 ICHLOROPROPANE 

03.04.03  FRACTIONAT  N9  COLUMN  3OTT0M3  FROM  ETHYL  CHLORIDE  PROO  BY  ETHYLENE  HYORO 
KDI8  2869  33.40  i  I , 2-0 ICHLOROETHAME 

HEXACHLOROBENZENE 

HEXACHLOROBUTAOIENE 

TRICHLOROETHYLENE 

03.04.04  HEAVY  ENOS  FROM  DISTILIATION  FROM  ETHYLENE  0 ICHLfD  I DE  PROO  BY  COMBINED 
K0I9  2869  30.30  I)  I , 2-0 ICHLOROETHANE 

I,  1,3-TRICHLOROETHA 

1.1. 1.2- TETRACHLOHOE 

1. 1. 2.2- TETRACHLORO 


( Conti nued) 
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TABLE  C-  l. 


SUMMARY  OF  1983  WET  MODEL  DATA  BASE  WASTE  STREAM 
CHARACTERISTICS  (Continued) 


WASTE  LIRE AM  EPA  SIC  IOOO  TOMS  MO.  OF  CONSTITUENTS 

NIMBEK/MAME  MO.  NO.  /TEAR  FACILITIES  OF  CONCERN 


OS, 04. 05  HEAVT  ENOS  FROM  ¥  I MTL  CHLORIDE  PROO  BT  DEH^DROCHLOR  C T  ETMTLENE  PICHLOR 
*020  2869  32  >0  13  V  IKTt.  CHLORIDE 

1,1,  1,2-TE  TRACHLOROE 

I ,  1 , 2-Tfc ICHLOROETHAM 

J. 2-OICHLO*  OETHANE 


03.04.06 


LIGHT  ENOS  FROM  PHTHALIC  AfcflYDR  IOE 
*02  3  2863  .76  II 


PRODUCTION  FROM  NAPHTHALENE 
PHTHALIC  ANHTOROE 
MALEIC  ANHYDR  lOt 


03.04.07 


LIGHT  ENOS  FROM  PHTHALIC  ANHTDR IDE 
X095  2863  2.UT  II 


PROOlfCTION  BT  O-XYLENE  PROCESS 
PHTHALIC  ANHYDRIDE 
MALEIC  ANHTDR IOC 


03.04.08  LIQUID  ORGANICS  FROM  HEXAMETHYLENE  DIAMINE  PROO  BY  1 , 6-HEXAMED IOL  AMMON 
2869  >.80  I  CYCLOHEXANE 

03.04.09  DISTILLATION  BOTTOMS  FROM  NO  I TR0BEM2ENE  PROO  BY  NITRATION  OF  BENZENE 
K023  2863  1.30  7  M-D I N I TROBENZENE 

NITROBENZENE 

4-NITROPHENOL 

2, 4 -0 1 N 1 1R0T0LUENE 


03.04.10  CARBON  TET  REMOVAL  EFF  FROM  PERCHLOROETHVLENf  PROO  BY  OXYCHLOR I  NAT  ION 
2869  .96  9  CAR30M  TETRACHLOR 10 

TRICHLOROETHYLENE 


03.04.11  HEAVY  ENOS  FROM  PROO  OF  TR I CHLORC ETHYLENE  AND  PERCHLOROETHYLENE 
KOTO  2869  48.40  '.0  HEXACHLOROBENZENE 

HEXACHLOROBUTAD I ENE 

1. 1.2.2 - TETRACHLORO 

1. 1. 1.2- TETRACHLOROE 

03.04.12  STILL  BOTTOMS  FROM  PROO  OF  CHLOF OBENZENES  BY  CHLORINATION  Of  BENZENE 
K063  2863  4.50  7  HSXACHLOROBENZENE 


(Cont inued) 


TABLc  c-l.  SUMMARY  OF  1983  WEI  MODEL  DATA  8ASE  WASTE  STREAM 

CHARACTERISTICS  (Continued) 


WASTE  STREAM  EPA 
NIMBER/NAME  NO. 


SiC  IOOO  TONS 
NO.  /TEAR 


NO.  Of 
FACILITIES 


CONSTITUENTS 
OF  CONCERN 


OS. 04. 1 3  DISTILLATION  BOTTOM  TARS  FROM  PHENOL  PROO  BY  ClMENE  HEDROPEROX I DE  CLEAV 
K022  2163  106.20  Ik  BEHZO (A ) ANTHRACENE 

BEN20(A  JPYRENE 

CHRYSENE 

PHENOL 

03.04.14  DISTILLATION  SIDE  CUT  FROM  ACETALDEHYDE  PROO  BY  ETHYLENE  OXIDATION 
XOiO  256?  26.30  3  ACETALDEHYDE 

chloroacftaldehyoe 

chloroform 

FORMALDEHYDE 

03.04.13  STILL  BOTTOMS  FROM  ANILINE  PRODUCTION  FROM  NITROBENZENE  HYDROGENATION 
K083  2863  1.80  9  D I PHENYLAM I NE 

PHENYLENE DIAMINE 
NITROBENZENE 
BENZENE 
ANILINE 

03.04.  16  STEAM  STRIPPER  WASTE  FROM  I ,  I, 1  -TR ICHLOROETHANE  PROO  BY  HYDROCHLOR ’ NAT  I 
K029  2e69  1.30  3  I , 2-C ICHLOROETHANE 

I,  I,  l-TR ICHLOROETHA 

03.04.17  HEAVY  RESIOUES  FROM  MALEIC  ANHYDRIDE  PRODUCTION  BY  BENZENE  OXIDATION 
2869  3.60  8  MALEIC  ANHYDRIDE 

03.04.18  HEAVY  ENOS  FROM  CYCLOHEXANOL  PRODUCTION  OY  PHENOL  HYDR03EHAT IOM 
23  y 5  3.60  7  PHENOL 

03.04.19  LIGHT  ENDS  FROM  CYCLOHEXANOL  PRODUCTION  FROM  PHENOL  HYDROGENATION 
2869  2.70  7  BENZENE 

CYCLOHEXANE 

03.04.20  WASTE  SOLVENTS  FROM  CYANUP^C  CHLORIDE  PROO  BY  HYDROGEN  CYANIOE  CHLORINA 
2863  17.30  4  CARBON  TETRACHLORID 

TOLUENE 


(Cont inued) 
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TABLE  C-l.  SUMMARY  OF  1933  WET  MODEL  DATA  BASE  WASTE  STREAM 
CHARACTERISTICS  (Continued) 


WASTE  STREAM  EPA  SIC  IOOO  TORS  *0.  Of  CONSTITUENTS 

NUMBER/NAME  NO.  NO.  /TEAR  FACILITIES  05-  CONCERN 


03.04.21  RESIDUE  FROM  BENZENE  PRODUCTION  BY  TOLUENE  HYOROOEALKYLAT »0N 
2865  22.70  53  TOLUENE 

BENZENE 


03.04.22  CO-PROOUCT  WASTE  FRON  ACETIC  ACID  PROO  BY  N -BUTANE  OXIOATION 
2869  101.70  11  METHYL  ETHYL  KETONE 

O'  04  23  H*AVY  ENOS  FROM  ALLYL  CHLORIDE  PROO  BY  PROPYLENE  CHLORINATION 
2869  8.20  3  1 , 3-0 ICHLOROPROPEHE 


03.04.24  LIGHT  ENOS  FROM  S-BUYYL  ALCLHOL  PROO  BY  HYDROLYSIS  OF  BUTYLENES 
2869  22.70  4  METHYL  ETHYL  KETONE 


03.04.25  FINISHING  COLUMN  HEAVY  ENOS  FROM  ACRYLIC  ACID  PROO  BY  MOOIFIED  REPPE 
28*9  2.60  1  COPPER 

NICKEL 


03.04.26  ACETALDEHYDE  COLUMN  WASTE  FROM  ACROLEIN  PROO  BY  PROPYLENE  OXIDATION 
2869  1.40  I  ACtTALOEHYDE 

ACROLEIN 


03.04.27  WASTE  ALCOHOLS  FROM  I, 1-OIMETHYLHYORAZINE  PROO  BY  D IMETHYLAM I NC  PROCESS 
2869  4.50  1  FORMALDEHYDE 


03.04.28  ALLYL  ALCOHOL  RECOVERY  WASTE  FROM  GLYCERIN  PROf  BY  HYDROGEN  OF  ACTOIEIN 
2869  1.40  2  ACROLEIN 

1, 1-OICHLOROETHENE 


03.04.29  HEAVY  ENOS  FROM  GLYCERIN  PURIFICATION  FROM  GLYCERIN  PROO  BY  HYDROGEN  OF 
2869  .82  2  2-CHLOROPHENOL 


03  04  30  HEAVY  ENOS-ALLYL  ALCOHOL  RECOVERY  FROM  GYLCERIN  PROO  BY  HYDROGEN  OF  ACR 
2869  1.60  1  ACROLEIN 

METHYL  CTHYi.  KETONE 
ALLYL  ALCOHOL 

03  04.31  STILL  BOTTOMS  FRON  BEXZYL  CHLORIDE  PROO  BY  CATALYTIC  CHLORIN  OF  TOLUENE 
K0I3  2865  .68  2  BENZ OTA ICHLOR I OE 

1 , 2,4 -TR  JF HL0R09ENZ 

HEXACHL0RC3SNZENE 

TOLUENE 


(Cent iunued) 
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TABLE  C-l.  SUMMARY  OF  1983  WET  MODEL  DATA  BASE  WASTE  STREAM 
CHARACTERISTICS  (Continued) 


WASTE  STREAM  EPA  SIC  1000  TOMS  MO.  OF  CONSTITUENTS 

MU4BER/NAME  MO.  MO.  /FEAR  FACILiriES  OF  COMCERM 


03.0*. 32  PROOUCTION  WASTES  FROM  QUATERNARY  AMINE  (DISINFECTANTS)  MANUFACTURE 
2069  .04  20  TOXAPHENE 

0  IMETHYL  ALKYLAMINI: 


03.03.  SOUO  RES  Il'Ut  S  FR  ORO  CHtM  PRODUCT 

03.03.01  HEAYY  ENOS  FRCM  CARBON  TETRACHLORIDE  PROO  BY  METHANE  CHLORINATION 
F9 1 3  |.60  10  HEXACHLOROeEWZEWS 

riEXACHLOROeUT  AO  I  EMC 
HEXACHLOROE THANE 
TETRACHIOROETHENE 

03.03.02  HEAVY  BOTTOMS  FRO*.  PHTHAUC  ANHYDRIDE  PROOUCTION  FRCM  O-XYIENE 
K01A  2063  .70  II  PHTHAUC  AMHYORIOC 

03.03.03  D  I  ST  *  LL**T  iON  BOTTOMS  FROM  i ,  1 ,  I  -TR  ICHIOROETHAME  PROD  BY  HYOROCHLOR  I  NAT  I 
XC  2069  33.30  4  I , 1 , I , 2-TETRACHLOROC 

I.  1,2,2-TETRACHLORO 

03.03.04  HEAVY  ENOS  FROM  I, 1, I -TR ICHIOROETHAME  PROO  BY  ETHANE  CHLORINATION 


K096  2009 

3.20 

1 

1,2-OICHLOROETHANE 

1,  1,  l-TR  ICHLOROETHA 

1,  1,2-TRICHLOROETHAN 

1, 1.  1,2-TETRACHLOROE 

1,  1,2,2-TETRACHLORO 

HEXACHLOROE THANE 

03.03.03 

CENTRIFUGE  l 

DISTILLATION 

RES IOUES 

FROM  TOLUENE  OIISOCYNATE  PROOUCTION 

K027  2063 

107.90 

• 

TOLUENE  DIAMINE 

TOLUENE  01 ISOCYAMAT 

03.03.00 

distillation 

BOTTOMS  FROM 

PHTHALIC 

ANHYDRIDE  PROO  FROM  NAPHTHALENE 

*024  2063 

2.30 

i 

1  1 

PHTHALIC  AWHYDR IDE 
TRICHLOROETHYLENE 

03.03.07 

FOOTS  FROM  F 

I'M  EVAPORATOR 

FROM  CUTER  IN  PROOUCTION  F ROM  ALLYL  CHLORIDE 

206* 

*.10 

2 

0  ICHLOROPROPANOLS 

TRICHLOROPROPANE 
sou:  im 


t 


(Cont inued) 


TABLE  C-l.  SUMMARY  OF  1983  WET  MODEL  DATA  BASE  WASTE  STREAM 
CHARACTERISTICS  (Continued) 


WASTE  STREAM  EPA  SIC  1000  TONS 
NUMBER/NAME  NO.  NO.  /TEAR 


HO.  OP  CONSTITUENTS 

FACILITIES  Of  CONCERN 


0S.09.0t  SPENT  CATALYST  FROM  I,  I,  t-TRICHLOKOCTHANE  PROO  BY  VINYL  CHLORIDE  PROCES 


K028  2669 

.61 

4 

t.  1,3-TRICHLOROETHM 

ACETYL  CHLORIDE 

1,  1, 2, 2-TETRACHLORO 
PENTACHLOROETHANE 

03.09.09 

DISTILLATION  BOTTOMS  FROM 

LINEAR  ALKYL  BENZENE  SULFONATE  PRODUCTION 

2e69 

43.69 

46 

NAPHTHALENE 

03.06.  OTHER  CONCENTRATED 

ORGANICS 

03.06.01 

CHLCR  1  RATED  HYDROCARBON  WASTE 

FROM  THE  PURIFICATION  STEP  OP  THE  DIAPHRAGM 

A 07 3  2612 

.34 

6 

CHLOROFORM 

CARBON  TETRACHLOR 1 D 

03.06.02 

DECANTER  TANK 

TAR  SLUDGE 

FROM 

COKING 

OPERATIONS 

K067  3312 

39.80 

36 

NAPHTHALENE 

PHENOL 

03.06.03 

PCS  FLUIOS 

4.90 

6163 

PCB-1294 

1 , 2, 4-TR ICHLOROBEN2 

0«.  OILY  NASTES 

>* 

-1 

o 

• 

o 

• 

9 

© 

WASTES  FR  PETROLEIM  REFINING 

C4.0I.0I 

DISSOLVED  AIR 

FLOATATION 

(DAF) 

FLOAT 

FROM  THE  PETROLEUM  REPINING  INOUSTRY 

K048  2911 

297.60 

160 

CHROMIUM  (VI) 

LEAD 

04.01.02 

SLOP  OIL  EMULSION  SOLIDS 

FROM 

THE  PETROLEUM  REFINING  INOUSTRV 

K049  2911 

92.40 

171 

CHROMIUM  (VI) 

LEAD 

04.01.03 

HEAT  EXCHANGER 

8UNOLE  CLEANING 

SLUOGE 

FROM  THE  PETROLEUM  REFINING  IJOUSTRY 

K090  2911 

1.70 

106 

CHROMIUM  (VI) 

LEAD 

O 

• 

o 

• 

9 

o 

API  SEPARATOR 

Sl'JOQE  FROM 

THE 

PETROLEUM  REFINING  INOUSTRY 

K03 •  2911 

1  VS. 29 

209 

CHROMIUM  (VI) 

LEAD 


(Continued) 
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TABLE  C-l.  SUMMARY  OF  1983  WET  MODEL  DATA  BASE  WASTE  STREAM 

CHARACTERISTICS  (Continued) 


WASTE  STREAK 
MIMBER/NAMZ 


ERA  SIC  IOOO  TOKS 
»0.  WO.  /TEAR 


MO.  Of 
FACILITIES 


CONSTITUENTS 
OF  CONCERN 


04.01.05  LEAOEO  TANK  BOTTOMS  FR04  THE  PETROLEUM  REFINING  IMOUSTRT 
K052  2911  7.10  IBS  CHROMIUM  (VI) 

LEAO 

04.01.06  MON-LEAOED  TANK  BOTTOMS  FROM  THE  PETROLEUM  REFINING  INOUSTRT 

-  2911  154.70  140  CHROMIUM  (VI) 

LEAO 

04.01.07  CRUDE  TANK  BOTTOMS  FROM  THE  PETROLEUM  REFININQ  INDUSTRY 

- *  2911  1.00  153  CHROMIUM  (VI) 

LEAO 

04.01.U8  SILT  FROM  STORM  WATER  RUNOFF  FROM  THE  PETROLEUM  REFININQ  INDUSTRY 
-  2911  40.30  140  CHROMIUM  (VI) 


04.02.  OTHER  OILY  WASTES 

04.02.01  SPENT  CLAY  FR04  OIL  RE-ftEFININQ 
2992  69.00 


04.02.0?  ACIO  TAR  FROM  OIL  RE-REFININO 
2992  32  00 


04.02.03  C..USTIC  SLUDGE  FROM  RE-REFININ8 
2992  9.00 


LEAO 


LEAO 

BE NZO (A ) ANTHRACENE 
BENZOIA  SPYRENE 


LEAD 

BENZO(A)ANTWACENE 
BENZO(A  IPTRENE 


LEAO 

8FNZ0(A)ANTHRACENE 
BENZOIA  IPTRENE 


05.  INORGANIC  SOL  1 0  RESIOUES 

05  01.  RESIOUES  FR  METAL  SMLTQ  i  REFININQ 

05.01.01  EMISSION  CONTROL  OUST  FROM  THE  PRIMARY  PRODUCTION  OF  STEEL  IN  F.LECTRIC  FURN 
K061  3312  463.60  70  CADMllM 

CriRCMIUM  (VI) 

LEAD 


(Continued) 
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TABLE  C-l. 


SUMMARY  OF  1983  WET  MODEL  DATA  BASE  WASTE  STREAM 
CHARACTERISTICS  (Continued) 


WASTE  STREAM  EPA  SIC  IOCO  TOMS  MO.  OF  CONSTITUENTS 

NLKB£.R/N*ME  NO.  NO.  /YEAR  FACILITIES  OF  CONCERN 


05.01.02  EMISSION  CONTROL  SLUOOE  FROM  THE  PRIMARY  PROOUCTION  OF  STEEL  IN  ELECTRIC  FU 
K06 I  3512  70.00  IS  CADMIUM 

CHROMIUM  (VI) 

LEAD 

03.01.03  SLUDGE  FROM  TIN  PLATING  MILL  OPERATIONS 

-----  3312  30.00  10  CHROMIUM  (VI) 

LEAD 

03.01.04  SLUDGE  FROM  GALVANIZING  MILL  OPERATIONS 

-  3312  60.00  63  CHROMIUM  (VI) 

03.01.03  DUST  AND  SLUOGE  FROM  FERROMANGANESE  FURNACES 
-  3313  63.60  12  LEAD 

03.01.06  OUST  AND  SLUDGE  FORM  S I L ICOMANGANESE  ELECTRIC  fURNACES 
-  3313  73.20  13  1  LEAO 

03.01.07  DUST  ANO  SLUDGE  FROM  FERROCHROME  ELECTRIC  FURNACES 

-  3313  63.40  15  CHROM  •  IM  (VI) 

LFAC 


03.01.08  SLUOGE  FROM  FERRONICKEL  PRODUCTION 
-  3313  32.80  3 


NICKEL 

CHROMIUM  (VI) 


03.01.09  CUPOLA,  ELECTRIC  ARC  OR  INDUCTION  FURNACE  DUSTS/SLUOGES  FROM  IRON  ANO  STEEL 

-  332_  2139.10  2000  CADMIUM 

LEAD 

03.0  1.10  WASTE  SAND  FROM  IRON  ANO  STEEL  FOUNDRY  OPERATIONS 
-  332 _  16915.10  2000  CAOMIUM 

05.0i.il  EMISSION  CONTROL  DUST  FROM  SECONDARY  LEAD  SMELTING 
K069  3341  1C. 00  73  CAOMIUM 

CHROMIUM  (VI) 

LEAD 

05.01.12  BLAST  FURNACE  SLAG  FROM  SECONDARY  COPPER  SMELTING 

-  3341  153.30  30  COPPER 

ZINC 

LEAD 


03.02.  OTHER  INORGANIC  SOUO  RESIDUES 


(Continued) 


TAPLE  C-l.  SUMMARY  OF  1983  WET  MODEL  DATA  BASE  WASTE  STREAM 

CHARACTERISTICS  (Continued) 


i 


WASTE  STREAM  EPA  SIC  IOOO  TONS  NO.  Of  CONST  I  Tt’ENTS 

NUMBER/NAME  NO.  NO,  /YEAR  FACILITIES  OF  CONCERN 


05.02.01  FGO  SLUOGE  FROM  CONVENTIONAL  COAL  COMBUSTION 

24400.00  70  ARSENIC 

BARIUM 

CAOMIUM 

LEAD 

SELENIUM 


03.02.02  SCRAP  BATTERIES 

3692  1.30  41  CAOMIUM 

LEAO 

MERCURY 

03.02.03  RES'OUES  FROM  THE  RUBBER  INDUSTRY 

30  52.00  196  BAR  I IM 

LEAO 

NICKEL 

VANADIUM 

ZINC 

CHROMIUM  (VI) 


03.02.04 


FLYASH  FROM  CONVENTIONAL  COAL  CCMBUSTICN 
40240.00  480 


ARSENIC 
BAR IUM 

CHROMIUM  (VI) 
LEAO 
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